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ABSTRACT 
 
 
Before reservoir simulations are carried out, a fine grid model is typically scaled up to a coarse grid. The 
scale up techniques coarsen detailed geological models to scales more appropriate for reservoir 
simulation. Near-well effects can have significant effects on the sub-surface flow processes and few prior 
studies on permeability upscaling paid special attention to the problem of radial flow around the well. 
 
Conventional upscaling techniques assume a linear pressure regime (slowly varying pressure) around the 
wellbore and throughout the reservoir. Although this assumption could be true for the latter, application of 
this to the near-well environment could lead to erroneous results. The pressure regime in the vicinity of 
the wellbore is radial and this result in the need for a special upscaling technique in the vicinity of the 
well for calculation of the coarse grid completion connection factor (also known as well index) and 
transmissibilities. This radial flow around the well influences the flow simulation, especially as it pertains 
to production prediction. Furthermore, performance degradation of conventional upscaling techniques in 
the presence of two phase (oil and water) flow during waterflood emphasizes the need to pay particular 
attention to the upscaling of the near wellbore environment. Alternatively, local grid refinement could be 
applied around the well to minimize the disparity between the fine grid and the coarse grid flow fields. 
However, this introduces additional computational cost, due to increased number of grid blocks, for the 
reservoir simulator. 
 
This report investigates the specific treatment given to the upscaling of the near wellbore for two-
dimensional (2D) and three-dimensional (3D) reservoir models during waterflood. Comparison will be 
made between the flow characteristics of the fine grid model, conventional grid model and the near-well 
upscaled model for different permeability fields in the 2D case and for different mobility ratios in the 3D 
case. We show the significant improvement which the 1-phase near-well upscaling technique impacts on 
the flow field over that obtained from the conventional coarse grid model. 2 phase flow is shown to 
introduce difference in the flow field between the conventional coarse grid and the fine, thereby giving 
rise to the need for near-well upscaling. 
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Abstract 
Before reservoir simulations are carried out, a fine grid model is typically scaled up to a coarse grid. The scale up techniques 
coarsen detailed geological models to scales more appropriate for reservoir simulation. Near-well effects can have significant 
effects on the sub-surface flow processes and few prior studies on permeability upscaling paid special attention to the problem 
of radial flow around the well. 
Conventional upscaling techniques assume a linear pressure regime (slowly varying pressure) around the wellbore and 
throughout the reservoir. Although this assumption could be true for the latter, application of this to the near-well environment 
could lead to erroneous results. The pressure regime in the vicinity of the wellbore is radial and this result in the need for a 
special upscaling technique in the vicinity of the well for calculation of the coarse grid completion connection factor (also 
known as well index) and transmissibilities. This radial flow around the well influences the flow simulation, especially as it 
pertains to production prediction. Furthermore, performance degradation of conventional upscaling techniques in the presence 
of two phase (oil and water) flow during waterflood emphasizes the need to pay particular attention to the upscaling of the near 
wellbore environment. Alternatively, local grid refinement could be applied around the well to minimize the disparity between 
the fine grid and the coarse grid flow fields. However, this introduces additional computational cost, due to increased number 
of grid blocks, for the reservoir simulator. 
This report investigates the specific treatment given to the upscaling of the near wellbore for two-dimensional (2D) and 
three-dimensional (3D) reservoir models during waterflood. Comparison will be made between the flow characteristics of the 
fine grid model, conventional grid model and the near-well upscaled model for different permeability fields in the 2D case and 
for different mobility ratios in the 3D case. We show the significant improvement which the 1-phase near-well upscaling 
technique impacts on the flow field over that obtained from the conventional coarse grid model. 2 phase flow is shown to 
introduce difference in the flow field between the conventional coarse grid and the fine, thereby giving rise to the need for 
near-well upscaling. 
Introduction 
Different probabilistic techniques exist for incorporating detailed geological features and heterogeneities in a reservoir model. 
Many of such models have grid cells in order of 10
7
 or more. However, these heterogeneities (such as permeabilities) 
developed on the fine grids cannot be directly used for flow simulations due to computational cost and memory storage 
capacity.  This necessitates the application of coarsened grid blocks in order to ease this computational burden. Rock properties 
for coarse grid blocks are obtained by use of proper upscaling procedures. Since absolute permeability is the most important 
property that affects flow performance special attention must be given to its upscaling. Upscaling techniques have been 
previously addressed by various authors. 
White and Horne (1987) presented an algorithm to compute coarse-grid macro-transmissibility when the heterogeneity and 
anisotropy occurred at the sub-grid scale. They simulated the original fine grid permeability distribution for several boundary 
conditions in order to obtain the pressures and fluxes of the coarse grid blocks for each of the specific boundary conditions. 
Each coarse grid pressure was obtained by performing pore-volume weighted average of the pressures of the fine grid blocks 
that make up the coarse grid being evaluated. The flux across each coarse grid face was the sum of the individual fluxes across 
the individual fine grid faces that make up the particular coarse grid in question. The least squares method was used to convert 
the coarse grid pressures and fluxes into macro-transmissibility. Palagi et al. (1993) presented an upscaling procedure of the 
permeability values at the interface of Voronoi gridblocks. They used power law averaging to calculate the homogenized 
permeability of a coarse gridblock from fine grid gridblocks. They also showed the sensitivity of equivalent permeability to 
well configuration. However, for both studies the near well region was not specifically treated.  
Several previous investigators have considered scale up in the near well region. Ding (1995) obtained coarse gridblock 
pressures by calculating pore-volume weighted average of the fine gridblock pressures that make up each coarse gridblock. The 
coarse grid fluxes were obtained by summing the fine grid fluxes. These coarse grid pressures and fluxes were then used to 
calculate the coarse grid completion connection factor (otherwise called well index) and coarse wellblock transmissibilities. 
Imperial College 
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Lin
 
(1995) developed well indexes for partially penetrating wells operating under quasi-steady state conditions. He computed 
solutions for a variety of layered and heterogeneous flow problems. Soerianwinata et al. (1997) presented an analytical method 
to calculate the effective permeability of a coarse-grid wellblock. Their approach was based on the incomplete layers concept 
and the steady-state radial flow averaging laws that are, with a slight modification, applied to a Cartesian grid scheme. 
Durlofsky et al.
 
(1999) presented an extension to work previously done by Ding. Rather than solve a global fine grid problem, 
they identified and solved specific local problems that appear to capture the key aspects of the flow field. They also considered 
3D systems. In an independent work, Muggeridge et al.
 
(2002) presented the method of Ding for scaling up in the near-well 
region for a variety of 2D and 3D problems, including cases with partially penetrating wells and some with non-vertical wells. 
The method was found to work well for all cases tested although the accuracy was in general lower for 3D cases and possibly 
for wells producing at constant bottomhole pressure. In a more recent work, Nakashima and Durlofsky
 
(2010) developed and 
applied a new upscaling procedure to capture certain near-well sub-grid effects (the interplay of fine-scale heterogeneity and 
two-phase flow physics) in coarse scale flow simulation models. Their method entailed the use of pre-processing computations 
over near-well domains for the determination of upscaled single-phase and two-phase near-well parameters. Their procedure 
was made applicable to primary production in heterogeneous reservoirs with significant dissolved gas. However, these 
previous studies outlined dealt mostly with primary production, without water injection. 
This study will present the use of the method of Ding (1995) to perform near-well upscaling in two-dimensional and three-
dimensional heterogeneous systems during waterflood. We show differences on upscaling for 2 phase flow and used a program 
described and applied by Muggeridge et al. (2002) to calculate the equivalent paramaters. Comparison of the fine grid, 
conventional coarse grid and the near-well upscaled (NWU) grid’s flow characteristics will be compared in other to 
demonstrate the improvement in flow characteristics achieved by paying special attention to the upscaling around the well. We 
will also show the performance of this technique for various permeability fields of 2D models and for different mobility ratios 
for the 3D case. This procedure does not require the wells to be located at grid block centres or to be fully penetrating on either 
the fine or coarse scale. The upscaled parameters computed by the method account directly for these effects. 
Theory of Near-Well Upscaling Approach 
We considered an incompressible single-phase (oil) and two-phase (oil and water) flow in a heterogeneous porous media. For 
the single phase case, the production is driven by natural depletion while limiting the bottomhole pressure to a value above the 
bubble point of the reservoir. In the two-phase flow case, the flow is driven by both producers and injectors. The aim was to 
determine upscaled properties for the coarse grid so that the wells in the coarse grid will generate a flow field very close to that 
of the fine grid. 
The governing equation for single-phase flow is the single phase pressure equation (ignoring gravitational effects and 
taking µ=1) obtained by combining Darcy’s law with the conservation of mass. Variables used are dimensionless. 
 
                                                                                                         (1) 
 
where p is pressure, k is the permeability tensor, which is typically highly variable in space, and q is the source term. The 
effects of capillary pressure are neglected in this analysis since it is 1-phase upscaling. The pressure equation for 
incompressible flow was solved on a limited region of the fine grid model corresponding to the coarse grid blocks in which the 
well is completed and a buffer zone around them. The solution domain utilized in this technique encompasses not only the fine 
gridblocks in the coarse wellblock, but also the fine gridblocks in the coarse gridblocks surrounding the coarse wellblock. In 
the vertical direction of 3D systems, the computational domain was determined based on the layers in which the well is 
completed. It was extended vertically to include fine grid layers in a coarse layer bounding the coarse layer in which the well 
completion lies. Durlofsky et al. (1999) utilized a much smaller computational domain due to non-expansion of the solution 
domain in the vertical direction. It is possible, though, to specify the areal computational domain to cover the entire fine grid. 
However, this is not entirely necessary considering the fact that the aim of this study is to pay special attention to the near-well 
region where the radial flow effects are manifest. Away from the well, where linear flow occurs, standard upscaling approach 
could still be used. It is also conceivable that better accuracy could be achieved by expanding the computational domain areally 
(Durlofsky 1999), though this does not appear necessary in the problems presented in this work. Figure 1 illustrates the 
definition of the computational domain for a well in any model. 
Figure 1 shows a 25   25   1 fine model. This was the fine grid base case. A uniform areal coarsening factor of 5 is 
applied reducing the number of grid cells from 625 cells (in the fine model) to 25 cells in the coarse model. The thin lines 
represent the fine cell boundaries while the thick lines represent the coarse grid blocks. The light (blue) shaded region around 
the well shows the extent of the computational domain used for the calculation of the upscaled properties. 
Applying different forms of boundary conditions will not greatly modify the well performance (Ding 1995; Muggeridge et al. 
2002). Working with well driven flow problem here, generic boundary conditions were used in order to create a simpler and 
more efficient algorithm. Constant pressure of p=1 was imposed on the lateral boundary (x- and y- faces) of the computational 
domain while a pressure of p=0 was imposed along the wellbore. There is no flow in the vertical direction. This condition is to 
ensure that flow occurs areally but not vertically. This will, in effect, model ‘radial flow’ pattern around the well. It is 
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important to note that in a global scale problem flow can occur vertically from one well block to the next. However, this is 
principally governed by the vertical permeability, kz, component of the permeability tensor (Durlofsky 1999; Muggeridge et al. 
2002).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Completion Connection Factor calculation 
The completion connection factor (CCF) or well index (WI) relates the well flow rate to the wellbore pressure and the well 
block pressure. In the fine grid problem, for a well in a block i, flow into it is given in Eq. 2 below: 
 
                                                                                                                (2) 
 
where qi is the well flow rate, Pi is the wellblock pressure and Pwb is the wellbore pressure. The completion connection factor is 
a function of the gridblock dimensions, permeability, wellbore radius and skin. 
For a Cartesian grid system, the completion connection factor is given according to the Peaceman model (Peaceman, 1978) 
and shown in Eq. 3 below: 
 
                  
  
                                                                              (3)
    
where c is a Darcy unit conversion factor (0.001127 in field units, 0.008527 in metric units, 3.6 in lab units), θ is the angle of 
the segment connecting the well, in radians (in a Cartesian grid its value is 2π, as the connection is assumed to be in the centre 
of the grid block). Kh is the effective permeability times net thickness (cell thickness   net-to-gross ratio) of the connection. 
For the vertical wells used, this permeability is the geometric mean of the x- and y- direction permeabilities,         
   
. S 
is the skin factor, rw is the well bore radius and ro is the pressure equivalent radius of the grid block which is the distance from 
the well at which the local pressure is equal to the nodal average pressure of the block (ECLIPSE Technical Description 2009). 
Again the Peaceman’s formula is used for the Cartesian grid. The permeability may be anisotropic and the well is assumed to 
penetrate the full thickness of the block, through its centre and perpendicular to two of its faces. 
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where Δx and Δy are the x- and y- dimensions of the grid block, and Kx and Ky are the x- and y- direction permeabilities. 
Eqs. 3 and 4 are intended for vertical wells but can be readily modified for use with horizontal wells that are aligned with the 
grid.  
In simulations and in the external program, the value of the fine grid completion connection factor could be given 
explicitly, thus, eliminating the need for the performance of these calculations. 
Transmissibility calculation 
Block centre transmissibility calculation for each face was performed on the Cartesian grid. The x- and y- direction 
transmissibility values in the Cartesian case are obtained using cell centre separations and cross sectional areas obtained from 
Δx, Δy and Δz, with a dip correction (ECLIPSE Technical Description 2009). The x- direction transmissibility in the positive 
direction is given by 
Fine well block 
Coarse well block 
Extent of computational 
domain 
Fig. 1: Depiction of the fine scale and coarse scale problem showing 
the computational domain 
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                                                                                                      (5) 
 
where Txi is the transmissibility between cell i and cell (i+1), c  is the Darcy constant (earlier defined), AA is the interface area 
between cell i and (i+1) and DIPC is the dip correction. Eq 5 assumes a transmissibility multiplier of 1.0 
The expressions for AA, BB and DIPC are presented as follows 
    
                                                                                                               (6) 
 
         
   
   
 
     
     
                                                                                              (7)                                                        
 
                                                                                                   (8) 
 
with                          
  and                       
  
NTG is the net-to-gross ratio, which appears in the x- and y- transmissibilities but not in the z- transmissibility. Eqs. 5 – 8 can 
be modified to obtain the y- transmissibility. DEPTH is obtained from the TOPS information of the reservoir. The DEPTH for 
any cell is taken at the mid-point of the cell. 
The z- transmissibility between a cell k and the cell directly under it (k+1) is given by: 
 
                                                                                                              (9) 
 
where 
 
                                                                   (10) 
 
         
   
   
 
     
     
                                                                                           (11) 
 
Dip correction is not applied in the calculation of the z- transmissibility. 
Upscaled / Equivalent Parameters 
In this work the upscaled parameters for the near well-bore region were calculated using the stand-alone program described 
by Muggeridge et al. (2002). The fine scale parameters obtained in the previous sections are used for the calculations here. In 
simulation, the flow term is represented by the flow through the interface between two grid blocks. So the equivalent flow at 
the coarse grid interface can be defined and calculated by summing the flows at the fine grid interface which compose the 
coarse grid interface. The equivalent transmissibilities can, therefore, be determined by coarse grid pressures, equivalent flow 
and Darcy’s law (Ding, 1995).  
The first step in solving the coarse scale problem is to obtain the pore-volume weighted average of the fine cell pressures in 
each coarse gridblock. The upscaling of the completion connection factor uses the wellblock pressures calculated as well as the 
fine grid completion connection factor for each completion. For each layer through which the well penetrates the flow rate into 
it is obtained according to Eq. 12 
 
                                                                                                                  (12) 
 
where, Pik is the fine grid well block pressure for layer k and CCFik is the completion connection factor for layer k. Eq. 12 
assumes that the wellbore pressure is zero (the calculation parameters are dimensionless). 
The total flow rate, qt, into the well is then obtained by summing the various rates into all the completions for that particular 
well. The upscaled (coarse grid) completion connection factor is then evaluated according to Eq. 13 
 
          
  
          
                                                                                         (13) 
 
where, Pave is the pore-volume weighted average pressure of the fine grid well block pressures that make up the coarse grid 
well block. 
                       
  
                                                                                    (14) 
 
where PVi is the pore volume of coarse cell i, nt is the total number of fine cells in a coarse cell i, and PVl is the pore volume of 
fine cell l. 
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The upscaled transmissibilities for the coarse well block is also calculated using the average pore-volume weighted pressure 
of the coarse well block. In addition to the coarse well block pressure, the average pressures in the coarse grid blocks that 
bound the coarse well block are evaluated and employed in the coarse wellblock transmissibility calculation. Figure 2 
illustrates this. The flux across a coarse well face is obtained by the summation of the individual fluxes across the fine grid 
block faces that make up the coarse grid face being evaluated. The flux through a fine grid face is given by Eq. 15 below. 
 
                                                                                                               (15) 
 
where, fi is the flux through a fine grid face that is part of the coarse grid wellblock face being evaluated, Ti is the 
transmissibility value previously calculated in the fine scale problem according to Eq. 5, Pi is the pressure of the fine grid block 
being used and Pi+1 is the pressure of the adjacent fine grid block. The total flux then obtained for this particular face is ft. The 
upscaled transmissibility, Txci, is then evaluated according to Eq. 16. 
 
          
  
           
                                                                                        (16) 
 
where, Pave is the coarse well block pressure (same as that in Eq. 13) and Pbar is the average pressure in an adjacent coarse grid 
block. This follows from the definition of equivalent transmissibility. According to Darcy’s law, the equivalent transmissibility 
between two coarse grids is defined by the quotient of equivalent flow (or flux) and the difference in the coarse grid pressures. 
Figure 2 below shows the coarse grid scale with a single well in the centre of the grid. The average pressures will be 
represented as Pij and the flow rates through the entire fine scale regions corresponding to the boundaries of the coarse grid 
well block fz. The i,j subscripts on the pressure represents the grid block position with i corresponding to the x-direction and j 
corresponding to the y-direction. With reference to Figure 2, the upscaled transmissibilities are as follows: 
 
                                                                                                              (17a) 
 
                                                                                                              (17b) 
 
                                                                                                              (17c) 
 
                                                                                                              (17d) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These equivalent completion connection factor and transmissibility values are then applied directly for flow 
simulation on the near-well region in the coarse grid model. 
 
 
 
Fig. 2: Coarse grid system showing coarse wellblock transmissibilities 
and boundary conditions 
1 
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Methodology 
For both the 2D and 3D cases studied the following steps were taken in evaluating the solution of the near-well upscaling 
technique: 
1. Fine grid simulation is performed using ECLIPSE. 
2. Upscaling is performed on the near-well environment using a separate program. 
3. Coarse grid simulation is performed using ECLIPSE for 
 no near-well upscaling, and 
 near-well upscaling 
4. Used standard method to upscale permeabilities (transmissibilities) away from the well. 
Detailed description of the method for the 2D and 3D cases are provided next. 
2D Test Case 
The near-well upscaling was tested on a range of 2D synthetic reservoir models. The field unit system was applied 
throughout this analysis. The model was a simple block-centred (Cartesian) grid of dimension 1000   1000   100 ft. The fine 
grid model is made up of 2,401 cells (corresponding to 49   49   1 cells in the x-, y-, and z- directions respectively). The fine 
grid model is upscaled, using uniform coarsening, to a coarse model of 49 cells (corresponding to 7   7   1 cells in the x-, y-, 
and z- directions respectively). In order to incorporate some level of heterogeneity in the base case model a normal-distributed 
permeability, with no horizontal anisotropy, was utilized. The performance of the near well upscaling technique on the 2D 
model considering different degrees of permeability variation was carried out and the results will be presented. The different 
degrees of permeability were implemented by varying the standard deviation on the permeability distribution. The mean 
permeability value was kept constant throughout all the cases at a value of 500 mD. The workability of the technique was also 
tested on a 2D model with a uniform permeability distribution having a range of 10 – 1000 mD. Although the permeability 
values varied in the model, porosity and initial water saturation are given constant values across all grid blocks. The effect of 
capillary pressure was neglected in the model. Fluid flow in the model is driven by three producer wells and one injector well. 
The initial (connate) water saturation was kept below the critical water saturation and there was no aquifer in the model. These 
are to ensure that the water produced comes entirely from the injector well. All the wells were vertical. The diagram of the fine 
grid model showing the well placements is as shown in Figure 3 below. Table 1 presents the key parameters used for static 
model and the parameters used for the flow simulation and Figure 4 shows the relative permeability curve applied in the 
model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For each of the 2D test models flow simulation was carried out on the fine grid for a period of 30 years. A field oil production 
target rate of 150 bbl/D was set for the simulation. In order to achieve a voidage replacement ratio of 1.0 an injection rate of 
150 bbl/D was used. The reservoir fluid has a bubble point pressure of 1110 psi and the initial reservoir pressure is 3500 psi. 
Utilizing an injection scheme ensured that the reservoir pressure was maintained without going below the bubble point pressure 
(preventing gas to be liberated in the reservoir) throughout the simulation period. This made it possible to work with only two-
phase flow (oil and water). 
Fig. 3: 2D Test Case - Fine grid model showing random permeability field 
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Conventional upscaling was then performed on the model which gave equivalent parameters of permeabilities (used to 
obtain the transmissibilities) as well as the upscaled completion connection factors for the various wells. The fine grid model 
parameters are used to create an input data file for calculation of the equivalent parameters using an external code (refer to 
Appendix B for a summary of the code listing). Appendix C-1 and C-2 shows a sample input data file structure and a sample 
result file from the external code. The equivalent transmissibilities (TRANX and TRANY) and completion connection factor, 
thus obtained, are then applied in a coarse model (termed Near-Well Upscaled grid or NWU grid for simplicity) before flow 
simulation is carried out on it. In the case of equivalent transmissibility only the coarse grid blocks bounding the coarse well 
block are affected. The conventional upscaled transmissibility values on the blocks away from the wells are retained since the 
region away from any well has less impact on the flow profile than the region around the well. Comparisons of the flow profile 
between the fine grid, coarse grid and NWU grid are then performed. 
        Table 1: 2D model parameters 
Porosity 0.2 
Water formation volume factor 1.01 
Oil formation volume factor 1.08 
Water viscosity (cP) 0.5 
Oil viscosity (cP) 1.0 
Connate water saturation 0.2 
Water compressibility (1/psi) 2.0E-06 
Oil compressibility (1/psi) 5.0E-06 
Rock compressibility (1/psi) 9.8E-07 
Normal distribution of permeability  
Mean (mD) 500 
Standard deviation 0.3, 0.9 
Uniform distribution of permeability (mD) 10 - 1000 
Initial reservoir pressure (psi) 3500 
Reservoir dimension (ft) 1000 x 1000 
Reservoir thickness (ft) 100 
Well locations:  
INJ1 (18,32) 
PROD2 (12,12) 
PROD3 (38,12) 
PROD5 (38,38) 
 
 
3D Test Case 
As an extension on the previous 2D tests conducted for the near-well upscaling technique, a synthetic 3D model was 
constructed and used for further tests. The fine grid model has dimensions of 4050   4050   200 ft, having 75   75   8 grid 
cells. Just like the 2D case, constant initial water saturation of 0.2 was used and no aquifer was modeled. These were done to 
ensure that the water produced in the producers comes entirely from the injector well. The fine grid was modelled on a fluvial -
deltaic system in order to create paths of preferential water and oil flow to each well. The permeability is modelled such that 
the channels are of higher permeability than the overbanks. Apart from the areal heterogeneity incorporated into the model by 
doing this, the model was made heterogeneous vertically by subsequently decreasing the permeability of each layer’s channel 
and overbank from the value in the layer above it. Unlike in the 2D model, where the porosity value was constant across all the 
grid cells, the porosity used here was made to vary according to the permeability trend in the model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Relative Permeability curve used in the fine grid and 
coarse grid simulations 
Fig. 5: 3D Test Case - Fine grid model showing permeability in x-direction 
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Four producer wells (PROD1, PROD2, PROD3 and PROD4) and one injector well (INJ1) are used in the model using a 5-
spot pattern scheme. All the wells are vertical having wellbore radius of 0.625 ft. PROD1and PROD4 are completed across 
layers 2,3,4,5 and 6. PROD2 is completed across layers 1,2,3,4 and 5. PROD3 is completed across layers 1to 3 and layers 6 to 
8. INJ1 is completed across layers 4,5,6,7 and 8 (refer to Appendix D for the diagram of the well completions). These 
completions were used in order to test the near well upscaling technique on partially penetrating wells. Figure 5 shows a 
representation of the 3D fine grid model with the well placements. Table 2 shows the parameters for the static model as well as 
the key parameters used for the flow simulation. The relative permeability curve shown in Figure 4 is also used in the 3D 
model simulation. 
Flow simulation was carried out on the 3D fine grid for a period of 20 years. A field oil production target rate of 6000 
bbl/D was set for the simulation. In order to achieve a voidage replacement ratio of 1.0 an injection rate of 6000 bbl/D was 
used. The reservoir fluid has a bubble point pressure of 1110 psi. Utilizing an injection scheme ensured that the reservoir 
pressure was maintained close to initial reservoir pressure, hence, did not go below the bubble point pressure (preventing gas to 
be liberated in the reservoir) throughout the simulation period. This made it possible to work with only two-phase flow (oil and 
water). 
An upscaled grid was obtained by uniformly coarsening the fine grid using an aggregation rate of 5   5   2 to give a grid 
having 15   15   4 grid cells. Similar to the 2D test cases earlier discussed, conventional upscaling was done to obtain the 
equivalent transmissibilities and completion connection factors for each well. The fine grid properties (such as porosity, 
permeability etc) and the fine grid well completion data were then used to create a customized data file which will be read by 
an external code in order to perform the near-well upscaling (NWU) calculations of equivalent transmissibilities (TRANX, 
TRANY and TRANZ) and completion connection factors (refer to Appendix B for a summary of the code listing). Appendix 
C-3 and C-4 shows a sample data file structure and result sheet from the external code. The results are then applied in the 
solution domain of the flow simulator. Comparison of the flow profile between the fine grid, coarse grid and NWU grid was 
then performed for different mobility ratios. 
 
Table 2: 3D model parameters 
Porosity (range) 0.098 - 0.25 
Water formation volume factor 1.01 
Oil formation volume factor 1.08 
Water viscosity (cP) 0.5 
Oil viscosity (cP) 0.5, 1.0, 2.0, 5.0 
Connate water saturation 0.2 
Water compressibility (1/psi) 2.0E-06 
Oil compressibility (1/psi) 5.0E-06 
Rock compressibility (1/psi) 9.8E-07 
Permeability [channel / overbank](mD)  
Layer 1 600 / 40 
Layer 2 570 / 38 
Layer 3 540 / 36 
Layer 4 510 / 34 
Layer 5 480 / 32 
Layer 6 450 / 30 
Layer 7 420 / 28 
Layer 8 390 / 26 
Initial reservoir pressure (psi) 3500 
Reservoir dimension (ft) 4050 x 4050 
Reservoir thickness (ft) 200 
Well locations:  
INJ1 (38,38) 
PROD1 (13,18) 
PROD2 (63,18) 
PROD3 (13,58) 
PROD4 (63,58) 
Simulation Results 
2D results 
The first example is a 2D model with a random permeability field of normal distribution, having a mean of 500 mD and 
standard deviation of 0.3. Figure 6 shows the comparison between the fine grid, the coarse grid and the NWU grid using the 
field oil production rate and field water production rate. Figure 7 displays a similar comparison using the cumulative oil 
production and the cumulative water production. The NWU technique reduces the error on the cumulative oil production from 
6.3% (introduced by the standard coarse grid) to 1.9%. A higher improvement in error is seen on the cumulative water 
production with the NWU techniques giving an error of 4.0%, as compared to an error of 13.1% from the coarse grid. It can be 
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seen that some error is introduced by the coarse grid. Although the NWU has a little error when compared to the fine grid, it 
improves the simulation flow more than the coarse grid does.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to test the applicability on a higher degree of heterogeneity we increased the standard deviation on the permeability 
distribution to 0.9. The results are as shown in Figure 8 and Figure 9 below. Here again, the NWU technique showed better 
improvement in comparison with the fine grid flow, which is in turn also an improvement over the flow obtained from the 
standard coarse grid. The error on the cumulative oil flow from the NWU grid and the coarse grid are 2.2% and 6.1% 
respectively. For the cumulative water production, the error from the NWU grid and the coarse grid are 4.6% and 12.8% 
respectively. The slight increase in the error on the NWU grid here could be attributed to the increase in the degree of 
heterogeneity modelled here. 
 
 
 
 
Fig. 6: 2D Test Case oil production rate (left) and water production rate (right) demonstrating improved flow performance by the near-
well upscaling (NWU) technique (normal distribution of permeability with σ = 0.3) 
Fig. 7: 2D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (normal distribution of permeability with σ = 0.3) 
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Fig. 8: 2D Test Case oil production rate (left) and water production rate (right) demonstrating improved flow performance by the near-
well upscaling (NWU) technique (normal distribution of permeability with σ = 0.9) 
Fig. 9: 2D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (normal distribution of permeability with σ = 0.9) 
 
Fig. 10: 2D Test Case oil production rate (left) and water production rate (right) demonstrating improved flow performance by the 
near-well upscaling (NWU) technique (uniform distribution of permeability of range 10 – 1000 mD)  
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To further increase the heterogeneity range, a uniform permeability distribution was used. The permeability was made to 
vary randomly between 10 mD and 1000 mD. The upscaling results are as shown in Figure 10 and Figure 11. Comparison of 
the oil production gives errors of 3.5% and 7.0% for the NWU grid and the coarse grid respectively. For the water production, 
the errors obtained are 7.1% and 14.2% for the NWU grid and the coarse grid respectively. The performance of the near well 
upscaling technique can be seen to be degraded here as compared to the previous cases discussed. This is probably due to the 
wider range of permeability used here. 
Finally, for the 2D case, the technique was tested on a model with horizontal permeability anisotropy (different x- and y- 
direction permeabilities for each cell). The x-direction permeabilities are of a normal distribution having a mean value of 
500mD and standard deviation of 0.5 while the y-direction permeabilities are also of normal distribution with a mean value of 
300mD and standard deviation of 0.5. The results of the simulation run are shown in Figure 12 and Figure 13 below. The 
errors of the oil production are 2.1% and 6.5% for the NWU grid and the coarse grid respectively. The water production shows 
error of 4.3% and 13.3% for the NWU grid and the coarse grid respectively. Once again, it is seen that the NWU grid performs 
better than coarse grid in attempting to approximate the fine grid flow. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11:  2D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (uniform distribution of permeability of range 10 – 1000 mD) 
Fig. 12: 2D Test Case oil production rate (left) and water production rate (right) demonstrating improved flow performance by the near-
well upscaling (NWU) technique (normal distribution of permeability with horizontal anisotropy)  
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3D results 
The near well upscaling technique was tested on the 3D grid for a range of mobility ratios. This was done to simulate the 
technique’s performance against the conventional upscaling methods for light oil to heavy oil scenario. The mobility ratios 
were varied by keeping the water viscosity constant at a value of 0.5 cP while increasing the oil viscosity. In the first example, 
a mobility ratio of 1.0 (oil viscosity = 0.5 cP) was used. Figure 14 shows the cumulative oil production and the cumulative 
water production respectively for the fine grid, coarse grid and the NWU grid. It can be seen that there is a significant 
improvement in the profiles presented by the NWU technique. The error on the cumulative oil flow for the NWU technique is 
5.2% while that for the coarse grid is 16.7%. There is a more obvious improvement when it comes to the water flow. The errors 
are 1.1% and 21.1% for the NWU grid and the coarse grid respectively. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13: 2D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (normal distribution of permeability with horizontal anisotropy)  
Fig. 14: 3D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (Mobility ratio = 1.0)  
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The next example utilized the same operations but with mobility ratio of 2.0 (oil viscosity = 1.0 cP). The NWU technique 
improves the flow behaviour from the conventional technique. Figure 15 shows the cumulative oil and water productions for 
the three grids. The error on the oil production due to the NWU grid is 2.5% which is an improvement on the error of 13.2% 
introduced by the coarse grid. For the water production, the errors are 0.9% and 23.4% for the NWU grid and the coarse grid 
respectively. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similar operations were done for mobility ratios of 4.0 and 10.0 corresponding to oil viscosities of 2.0 cP and 5.0 cP 
respectively. The results are as shown in Figures 16 and 17 below. With a mobility ratio of 4.0 the error on the oil cumulative 
production was seen to improve to 0.8% for the NWU grid while that of the coarse grid is 11.9%. The errors due to the NWU 
grid and the coarse grid for the water production in this case are 5.7% and 30.2%. As the mobility ratio is further increased to 
10.0 the NWU technique was observed to slightly over-predict the oil production by an error of 0.9%. The coarse grid error on 
the oil production was still high at 10.4%. For the water production, the errors are 9.0% and 35.0% for the NWU grid and the 
coarse grid respectively. 
One observation made here is that an increase in the mobility ratio reduces the error exhibited by both the near-well 
upscaling technique and the conventional technique. The near well upscaling technique will over-predict the oil production if 
the mobility is made much higher than 10.0. On the other hand, the performances of both techniques on the water production 
seem to degrade with increase in mobility ratio. Regardless of this drawback, the near-well upscaling performs much better 
than using the conventional technique alone. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 15: 3D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (Mobility ratio = 2.0)  
 
Fig. 16: 3D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (Mobility ratio = 4.0)  
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Discussion 
A technique for performing near-well upscaling of heterogeneities during waterflood was tested in this work. Unlike previous 
works, the technique was tested for 2D and 3D models operating under water injection scheme. Both 2D and 3D models 
showed improvements in approximation of the fine scale flow which the near-well upscaling technique provides. However, 
certain differences exist in their performance. 
For the 2D case, both the conventional and the near-well upscaling techniques accurately approximate the fine grid flow 
during the ‘single phase’ (i.e. before water breakthrough) period of the simulation. After water breakthrough, both the 
conventional upscaling and the near-well upscaling techniques start to deviate from the fine grid flow. The flow profile is over-
predicted for the oil flow and under-predicted for the water flow. This behaviour exhibited by the 2D models (for the 
heterogeneity system used here) suggests that the implementation of the near-well upscaling technique for a 2D system 
becomes more important in the presence of two-phase flow. Although the performance of both techniques appears to degrade 
with increased heterogeneity (as seen from the 2D case with a wide range of uniformly distributed permeability of 10 – 1000 
mD), the near well upscaling technique reduces the error introduced by the grid coarsening. 
The 3D cases, on the other hand, showed different behaviour from those of the 2D cases. Unlike the 2D cases, which start 
to exhibit difference in flow profile after water break-through, the 3D cases investigated showed a more pronounced difference 
in the coarse grid and the fine grid flow right from the onset of oil production. The performance of the conventional coarse grid 
in the 3D cases comes with higher errors, both for the oil and the water production. The near-well upscaling, however, gives 
more accurate match to the fine scale flow before the onset of water production and still performs better than the coarse grid 
flow after breakthrough. Furthermore, both the coarse grid and the near-well upscaled grid under-predicts both the oil and the 
water production when compared to the fine grid flow. The performance of the near-well upscaling was seen to improve with 
increase in mobility ratio, while the coarse grid error remains quite high. From the foregoing, it can be said that production 
prediction will be greatly impacted negatively without the application of a near-well upscaling technique in a heterogeneous 
field operating under waterflood. 
Conclusion 
In this work we applied an approach of upscaling in the vicinity of a well for a heterogeneous reservoir during waterflood 
based on the method first developed by Ding (1995). It involved calculating equivalent transmissibility values on a reduced 
areal computational domain around the well, as well as calculating the equivalent completion connection factors. The following 
were carried out: 
1. 2D models were constructed for testing this technique. The permeability field was varied by, first, increasing the standard 
deviation on it. The use of uniform permeability distribution, having a wider range of values, was also used. A final 2D 
case, incorporating horizontal permeability anisotropy, was also used for the investigation of the applicability of the near 
upscaling techniques. The simulation results showed marked improvement in the oil and water flow. The technique was 
shown to perform better than the conventional upscaling technique, but it’s approximation to the fine grid is affected by 
very high degrees of heterogeneities. 
Fig. 17: 3D Test Case cumulative oil production (left) and cumulative water production (right) demonstrating improved flow 
performance by the near-well upscaling (NWU) technique (Mobility ratio = 10)  
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2. The application of the technique was extended to 3D models for different mobility ratios having partially penetrating 
wells. It was shown that the inaccuracy displayed by the conventional technique in a 3D heterogeneous model was much 
higher than in the 2D case. Although the near well upscaling technique still had some error in attempting to approximate 
the fine grid flow, it showed remarkable improvement from the conventional upscaling technique. Furthermore, the 
technique improved in performance for oil flow with increasing mobility ratio up to a point whereby it starts to over-
correct the flow profile. The improvement on the water flow is less dramatic with increase in mobility ratio. 
The examples presented in this work showed that the use of conventional upscaling technique, which does not consider the 
radial flow effect around the wellbore, biases the simulation result greatly. This bias is more evident for two-phase flow 
(during water flood). The near well upscaling technique applied in this work significantly improves the accuracy and, hence, 
will be better suited for production prediction. 
Further Work 
Recommendations for further work include, but not limited to: 
1. Extension of this technique to handle more non-conventional wells such as deviated wells, horizontal wells, ‘snake’ wells. 
This will involve more general fine grid completion connection factor calculation and determination of the required size of 
the computational domain and boundary conditions. 
2. Generation of upscaled relative permeabilities functions (pseudo relative permeabilities) as additional output to get the 
equivalent grid to provide more accurate flow representation of the fine grid flow. 
3. In addition to upscaling of the completion connection factor and the transmissibilities, equivalent PVT parameters such as 
fluid formation volume factor, fluid mobility and solution gas-oil-ratio could be calculated and applied for flow 
simulation. 
Nomenclature 
CCF = completion connection factor, L
4
t/m, bbl/psi-D 
DIPC = dip correction 
fi = flow rate (flux) across grid block face 
h = net thickness, L, ft 
K = effective permeability, L
2
, mD 
Kx, Ky = permeability in x- and y-direction, L
2
, mD 
p = pressure, m/Lt
2
, psi 
Pave  = average coarse grid block pressure 
Pi  = wellblock pressure 
Pwb = wellbore pressure 
PV  = pore volume, L
3
, ft
3
 
q  = well flow rate, L
3
/t, bbl/D 
ro  = grid block pressure equivalent radius, L, ft  
rw  = wellbore radius, L, ft 
S  = skin factor 
Tx, Tz  = x- and z- Transmissibility, L
3
, cP.bbl/psi-D 
UCCF  = upscaled completion connection factor, L
4
t/m,          
bbl/psi-D 
Δx, Δy Δz  = x-, y- and z- grid block dimension, L, ft 
μ  = viscosity, m/Lt, cP 
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APPENDIX A: CRITICAL LITERATURE REVIEW 
 
MILESTONES IN NEAR-WELL UPSCALING 
SPE Paper 
No 
Year Title Author Contribution 
29137 1995 Scaling-up in the Vicinity of Wells 
in Heterogeneous Field 
Y. Ding Determines a 
technique for 
upscaling in the 
near-well region for 
a heterogeneous 
field. 
 
36518 1997 Permeability Upscaling for Near 
Wellbore Heterogeneities 
 
T. 
Soeriawinata, 
E. Kasap, M. 
Kelkar 
 
Use of analytical 
method to upscale 
permeability  in the 
near-well region 
 
51940 1999 Scale Up in the Near-Well Region 
 
L.J. Durlofsk, 
W.J. Milliken, 
A. Bernath 
Identifies and solves 
specific local 
problems that 
appear to capture 
the key aspects of 
the flow field. Also, 
extends the work to 
three dimensional 
systems. 
Petroleum 
Geoscience 
2002 Scale Up of well performance for 
reservoir flow simulation 
 
A.H. 
Muggeridge, M. 
Cuypers, C. 
Bacquet, J.W. 
Barker 
This presents the 
implementation of 
Ding’s method for 
near-well upscaling. 
 
Transport In 
Porous 
Media 
2010 Accurate Representation of Near-
well Effects in Coarse-Scale 
Models of Primary Oil Production 
T. Nakashima, 
L.J. Durlofsky 
Developed and 
applied a new 
upscaling procedure 
to capture certain 
near-well sub-grid 
in coarse scale flow 
simulation models. 
Determined 
upscaled PVT 
properties in 
addition to well 
index and 
transmissibilities. 
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SPE 29137 (1995) 
 
Scaling-up in the Vicinity of Wells in Heterogeneous Field 
 
Author: Ding, Y. 
 
Contribution to near-well upscaling technique:  
Determines a technique for upscaling in the near-well region for a heterogeneous field. 
 
Objective of the paper: 
1. To show the need for a specific treatment of the scaling-up procedure in the vicinity of wells due 
to radial flow pattern with a high pressure gradient. 
2. To determine the transmissibilities in the vicinity of wells and numerical Productivity index by 
introducing a radial flow condition. 
 
Methodology used: 
1. The scaling-up procedure for the linear flow pattern uses standard boundary conditions, i.e., no 
flow boundary conditions on the edges and constant pressure at the inlet and outlet faces. 
2. For the radial flow in the vicinity of a well, the transmissibility is scaled-up by using an imposed 
well condition. 
3. The numerical productivity index (PI) for the well block, used to relate the well block pressure, 
well bore pressure and well flow rate, is defined. 
 
Conclusion reached: 
1. Radial flow pattern, near the vicinity of the well, plays the most important role in flow simulation, 
especially for production forecasts. 
2. Conventional scale up techniques which do not consider the impact of the radial flow pattern in 
the vicinity of the wells , bias the results greatly 
3. The techniques can be used to improve the numerical scheme approximation in heterogeneous 
reservoir simulation. 
 
Comments 
The new procedure shows significant reduction in the error for well performance between the fine 
grid and the coarse grid. 
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SPE 36518 (1997) 
 
Permeability Upscaling for Near Wellbore Heterogeneities 
 
Authors: Soeriawinata, T., Kasap, E., Kelkar, M. 
 
Contribution to near-well upscaling technique:  
Use of analytical method to upscale permeability in the near-well region 
 
Objective of the paper: 
The paper presents an analytical method to calculate effective permeability of a coarse-grid well block 
from its constituent fine gridblocks 
 
Methodology used: 
1. The method uses the incomplete-layer upscaling procedure, which is modified for radial flow 
around the wellbore but applied to permeability heterogeneity defined in a Cartesian grid scheme. 
2. The method homogenizes permeability in one particular direction while assuming no 
communication in other directions, while repeating the procedure for all directions. 
3. Harmonic and arithmetic averaging equations for steady-state radial flow are used throughout the 
process. 
 
Conclusion reached: 
1. Simulation results by use of permeabilities from the radial flow upscaling matched the simulation 
results with the original permeability distributions (with improved flow rate and cumulative 
recovery estimations) better than the predictions from the linear-flow upscaling 
2. Although, with upscaling, accurate representative permeability distribution for a coarse grid can 
be obtained, excessive upscaling may result in excessive numerical dispersion that could yield 
discrepancy between the fine grid and coarse grid simulations. 
 
Comments 
Although the method assumes that flow domain around the well is radial in shape, there could be 
cases where near wellbore depositional and structural heterogeneity (well at the fault or fracture plane 
or very narrow communication with the sand channel) could invalidate this assumption. A special 
calculation of upscaled permeability in such cases may be required. 
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SPE 51940 (1999) 
 
Scale Up in the Near-Well Region 
 
Authors: Durlofsky, L.J., Milliken, W.J., Bernath, A. 
 
Contribution to near-well upscaling technique:  
Identifies and solves specific local problems that appear to capture the key aspects of the flow field. 
Also, extends the work to three dimensional systems. 
 
Objective of the paper: 
1. To present the general method for computing accurate coarse scale well block transmissibilities 
and well indexes for vertical wells in two and three dimensions. 
2. To compute upscaled properties such that a well in the coarse scale model will generate a flow 
field  very close to the fine scale result 
 
Methodology used: 
1. The flow problem here is well-driven (as a line source) different from the linear pressure field 
driven flows assumed by standard scale up techniques. 
2. Equivalent permeability tensor is computed for all coarse grid blocks via the solution of local 
pressure equation subject to periodic boundary conditions. For each coarse scale well block, a fine 
grid problem corresponding to the region defined by the coarse scale well block and the 
surrounding areal coarse grid blocks is solved. 
3. Generic boundary conditions of p = 0 along the x and y faces and no flow in the z direction are 
applied. 
4. Well block transmissibilities and indexes for the coarse grid are computed. 
 
Conclusion reached: 
1. The method provides accurate transmissibilities and well indexes for well driven flow in coarse 
scale models. 
2. Improved accuracy that the technique provides was shown through extensive examples. 
 
Comments 
This technique, however, shows moderate improvement over the standard upscaling method typically 
when the well intersects areal cross sections in which the permeability field displayed relatively large 
correlation lengths (in both directions) or moderate to small variance. 
This method further shows that the results obtained were comparable to those obtained using local 
grid refinement, but at less computational cost. 
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Petroleum Geoscience, Vol. 8 2002, pp. 133-139 
 
Scale Up of well performance for reservoir flow simulation 
 
Authors: Muggeridge, A.H., Cuypers, M., Bacquet, C., Barker, J.W. 
 
Contribution to near-well upscaling technique:  
This presents the implementation of Ding’s method for near-well upscaling for 2D and 3D cases. 
 
Objective of the paper: 
1. To evaluate Ding’s method on a variety of 2D and 3D problems, including cases with partially 
penetrating wells and some with non-vertical wells. 
2. To investigate the use of a reduced computational domain and the need to introduce vertical 
transmissibility modifiers. 
 
Methodology used: 
1. A coarse grid is superimposed on a fine grid model (having heterogeneous permeability 
distribution) and a scaled-up permeability is calculated for each coarse grid block and each flow 
direction using the method of Alabert & Corre (1991). 
2. Well indices (connection factors) for vertical wells are calculated for the fine grid and 
conventional coarse grid simulations using Peaceman’s formula (1983) 
3. The first implementation of Ding’s method involves single phase flow simulation (on the fine 
grid) with production from a single well for a few time steps until pseudo steady state is reached. 
The pressure and flux distribution output are used to calculate the coarse grid well indices and 
modified transmissibilities. 
4. In the second implementation, for each well, the pressure equation for single phase 
incompressible  flow is solved on a limited region of the fine grid model corresponding to the 
coarse grid blocks in which the well is completed and a buffer zone around them. 
 
Conclusion reached: 
1. Ding’s method, used for upscaling well index and near-well transmissibilities, worked well for all 
cases tested. 
2. Accuracy is generally lower for 3D cases and possibly for wells producing at constant bottom 
hole pressure. 
3. The use of modified vertical transmissibility appears to be unnecessary. 
 
Comments 
The computational effort involved in the scaling-up can be minimized by the use of a reduced 
computational domain with only a slight degradation of the results. 
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Transport in Porous Media Vol. 83, 741-770 (2010) 
 
Accurate Representation of Near-well Effects in Coarse-Scale Models of Primary Oil 
Production  
 
Authors: Nakashima, T., Durlofsky, L.J. 
 
Contribution to near-well upscaling technique:  
Developed and applied a new upscaling procedure to capture certain near-well sub-grid effects (the 
interplay of fine-scale heterogeneity and two-phase flow physics) in coarse scale flow simulation 
models. The authors also determined upscaled PVT properties in addition to well index and 
transmissibilities. 
 
Objective of the paper: 
1. To develop upscaling procedures applicable to primary production in heterogeneous reservoirs 
with significant dissolved gas 
2. To define appropriate local near-well problems and determine coarse-scale parameters by 
minimizing the square differences of flow quantities between the fine and coarse models 
 
Methodology used: 
1. The coarse-scale parameters are determined directly from the local fine-scale simulations by 
relating the integrated flux to the imposed driving force. 
2. The minimization of the square differences of flow quantities between the fine and coarse models 
is achieved through the use of gradient-based techniques, with gradients determined by adjoint 
procedure. 
3. To account for the global boundary conditions, a procedure, which can be viewed as an adaptive 
local-global upscaling technique, was used. The method proceeds by first generating an 
approximate coarse-scale model through the use of very fast local upscaling techniques. The 
global solution of this coarse-scale problem provides the boundary conditions that are used for the 
detailed near-well upscaling computations. 
 
Conclusion reached: 
1. The boundary condition used for the local well model can significantly impact the upscaled 
parameters. 
2. The overall method is very flexible in terms of the form of the coarse-scale model and the 
representation of the coarse-scale parameters. 
3. Extensive numerical simulations, for both local well domains and global models, demonstrated 
the accuracy of the method 
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APPENDIX B: SUMMARY AND DESCRIPTION OF NEAR-WELL UPSCALING CODE 
LISTING 
 
The program used for the calculation of the near-well upscaling was written in FORTRAN language. It is made 
up a main program, DINGUE, and several sub-routines. Brief explanation of program is as follows: 
DINGUE: This is the main program of the upscaling code. It performs the following functions: 
 Reads the input data file (as shown in Appendix C) containing model parameters. 
 Creates and writes the results to an output file (as shown in Appendix C) 
 Defines the computational domain in fine grid terms and output the domain in coarse grid terms 
 Converts corner-point grid to block-centred grid if necessary 
 Converts TOPS data to mid-point depths for each grid block 
 Computes pore volume 
 Calculates the upscaled completion connection factor and transmissibility 
Within the DINGUE main program the following sub-routines are called up to perform different tasks in the 
following order: 
1. RDDNG1: Reads the RUNSPEC section of the input data file 
2. CRSGRD: Defines the coarse grid block boundaries in terms of the fine grid block numbers 
3. PRINT1: Writes the RUNSPEC data to the output file 
4. RDDNG2: Reads the WELLS section of the input data file. The well completion data are specified 
under the COMPDAT keyword 
5. NUMWEL: Determines the number of wells and their names, and associate each completion with a 
well 
6. PRINT2: Writes the WELLS data to the output file 
7. CRSCOM: Determines the well completions in coarse grid terms 
8. PRINT5: Writes coarse grid completion data to output file 
9. RDDNG3: Reads the FINEGRID section of the input data file 
10. PRINT3: Writes the FINEGRID data to the output file 
11. CCFCAL: Calculates the completion connection factors for a given well, if they are not explicitly 
specified. It uses the well information specified by the COMPDAT keyword under the WELLS section 
of the input data file. The calculations here are according to Eqs. 3 and  4 in the main body of this 
report 
12. PCOEFF: Calculates the coefficients for solution of pressure equation on the computational domain 
and the fine grid transmissibility (according to Eqs. 5 – 11 in the main body of this report) 
13. ICCG3DS: Calculates the fine grid pressures 
14. PRINT4: Writes the full pressure field to the output file 
15. AVEPRE: Computes pore-volume weighted average pressure in a coarse block 
16. PRINT6: Writes the results of the upscaling calculation to the output file 
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APPENDIX C: NEAR-WELL UPSCALING CODE INPUT AND OUTPUT DATA 
STRUCTURE 
C-1: 2D CODE INPUT DATA 
-- INPUT FILE 
-- RUNSPEC Section 
------------------------------------------------------------------------ 
RUNSPEC 
 
-- Fine grid dimensions 
DIMENS 
 49  49  1  
 
-- Coarse grid dimensions and aggregation rates 
AGGREG 
  7  7  1 
  7*7          !  iagx = aggregation in x 
  7*7          !  iagy = aggregation in y 
  1*1         !  iagz = aggregation in z 
 
-- Set buffer size (0 forces domain to be full fine grid) 
BUFFER 
  1  / 
 
DEBUG 
 
-- Ask for pressure fields to be printed out (use with caution) 
PRINTPRE 
 
-- WELLS Section - completion data 
 
WELLS 
 
-- COMPDAT keyword exactly as in Eclipse (fine grid) 
COMPDAT                                
INJ10 18 32 1 1 OPEN 1* 111.5503 0.625 40316.61 0 1* Z 4.04 / 
PROD20 12 12 1 1 OPEN 1* 106.9774 0.625 38663.86 0 1* Z 4.04 / 
PROD30 38 12 1 1 OPEN 1* 124.3444 0.625 44940.67 0 1* Z 4.04 / 
PROD50 38 38 1 1 OPEN 1* 115.9880 0.625 41920.47 0 1* Z 4.04 / 
/ 
------------------------------------------------------------------------ 
-- FINEGRID Section - properties of fine grid 
------------------------------------------------------------------------ 
FINEGRID 
 
-- Name of fine grid 
GRIDNAME 
 2DHet 
 
-- Grid block sizes: x-direction 
DXV 
 49*20.41  / 
 
-- Grid block sizes: y-direction 
DYV 
 49*20.41 / 
 
-- Grid block sizes: z-direction 
DZ 
 4802*100 / 
  
KVKH 
  1 / 
 
PORO 
  2401*0.2 / 
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TOPS 
  2401*5000 / 
 
PERMX 
473.6 471.3 452.2 491.5 
497.9 540.1 471.8 518.3 
465.5 507.6 526.6 568.6 
. 
. 
. 
. 
502.7 469.3 524.8 573.2 
467.0 500.0 559.5 467.7 
481.0 484.8 433.9 516.3 
520.9 487.0 513.0 458.5 
434.7    
/    
 
DEBUG 
 
END 
 
C-2: 2D CODE RESULT 
 
 ---------------------------------------------------------------- 
 ---------------------------------------------------------------- 
  
                               DING 
  
              Upscaling in the Near-Well Region 
  
                Completion Connection Factors 
                Well Block Transmissibilities 
  
 ---------------------------------------------------------------- 
 ---------------------------------------------------------------- 
  
 Program dimensions 
  
 NDM:    Maximum number of fine grid blocks in any computational domain 
 NDB:    Maximum number of fine grid blocks in all computational domains 
 NDD:    Size of dummy array used to read fine grid data 
 NDG:    Size of corner-point grid arrays for box 
 NDA:    Maximum dimension of coarse grid 
 NDW:    Maximum number of wells 
 NDC:    Maximum number of completions 
 NDN:    Maximum number of neighbours (upscaled transmissibilities per coarse grid 
completion) 
  
 Current values: 
  
 NDM:     60000 
 NDB:     60000 
 NDD:     60000 
 NDG:         1 
 NDA:        25 
 NDW:        10 
 NDC:       850 
 NDN:        30 
  
 Dimensions can be changed at the beginning of file ding.f 
 Program must be recompiled after changes by typing: ./compile 
  
 ---------------------------------------------------------------- 
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 Reading RUNSPEC part of input (.dng) file ... 
  
  RUNSPEC Section Data 
  ==================== 
  
 Units are: FIELD 
  
 Dimensions of fine grid:           49          49           1 
  
 Total number of fine grid blocks:         2401 
  
 Dimensions of coarse grid:            7           7           1 
  
 Total number of coarse grid blocks:           49 
  
 Coarse grid aggregation rates: 
 x:   7  7  7  7  7  7  7 
 y:   7  7  7  7  7  7  7 
 z:   1 
  
 Coarse grid block boundaries: 
 x:   7 14 21 28 35 42 49 
 y:   7 14 21 28 35 42 49 
 z:   1 
  
 Width of buffer zone:            1 coarse grid blocks 
  
  
 Reading WELLS part of input (.dng) file ... 
  
  WELLS Section Data 
  ================== 
  
 Number of completions:            4 
  
 Note that a defaulted value will appear as a zero in the following table 
  
 NUM   WELL     I   J   K STAT    CCF       DIAM         KH       SKIN    DIR      
R0 
 ----------------------------------------------------------------------------------
----- 
   1 INJ1      18  32   1 OPE  0.1116E+03 0.6250E+00 0.4032E+05 0.0000E+00   
0.4040E+01 
   2 PROD2     12  12   1 OPE  0.1070E+03 0.6250E+00 0.3866E+05 0.0000E+00   
0.4040E+01 
   3 PROD3     38  12   1 OPE  0.1243E+03 0.6250E+00 0.4494E+05 0.0000E+00   
0.4040E+01 
   4 PROD5     38  38   1 OPE  0.1160E+03 0.6250E+00 0.4192E+05 0.0000E+00   
0.4040E+01 
  
 Number of wells:            4 
  
 NUM   NAME   OPEN COMPLETIONS   SHUT COMPLETIONS 
 ------------------------------------------------ 
   1 INJ1              1                  0 
   2 PROD2             1                  0 
   3 PROD3             1                  0 
   4 PROD5             1                  0 
  
 Well number            1 
 Well name: INJ1 
 Open completions associated with well: 
   1  Number:   1    Location:   18  32   1 
  
 Well number            2 
 Well name: PROD2 
 Open completions associated with well: 
   1  Number:   2    Location:   12  12   1 
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 Well number            3 
 Well name: PROD3 
 Open completions associated with well: 
   1  Number:   3    Location:   38  12   1 
  
 Well number            4 
 Well name: PROD5 
 Open completions associated with well: 
   1  Number:   4    Location:   38  38   1 
  
  
  Links Between Fine and Coarse Completions 
  ========================================= 
  
         (Open completions only) 
  
                   FINE         COARSE     COARSE 
 NUM   WELL     I   J   K     I   J   K  COMPLETION 
 -------------------------------------------------------- 
   1 INJ1      18  32   1     3   5   1       1 
   2 PROD2     12  12   1     2   2   1       2 
   3 PROD3     38  12   1     6   2   1       3 
   4 PROD5     38  38   1     6   6   1       4 
  
  
  Coarse Grid Completion Data 
  =========================== 
  
 Number of coarse completions:            4 
  
 NUM   WELL     I   J   K 
 ------------------------ 
   1 INJ1       3   5   1 
   2 PROD2      2   2   1 
   3 PROD3      6   2   1 
   4 PROD5      6   6   1 
  
 NUM   NAME   COARSE COMPLETIONS 
 -------------------------------- 
   1 INJ1              1 
   2 PROD2             1 
   3 PROD3             1 
   4 PROD5             1 
  
 Well number            1 
 Well name: INJ1 
 Coarse completions associated with well: 
   1  Number:   1    Location:    3   5   1 
                     ... fine completion:    1 
  
 Well number            2 
 Well name: PROD2 
 Coarse completions associated with well: 
   1  Number:   2    Location:    2   2   1 
                     ... fine completion:    2 
  
 Well number            3 
 Well name: PROD3 
 Coarse completions associated with well: 
   1  Number:   3    Location:    6   2   1 
                     ... fine completion:    3 
  
 Well number            4 
 Well name: PROD5 
 Coarse completions associated with well: 
   1  Number:   4    Location:    6   6   1 
                     ... fine completion:    4 
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 Defining computational domains ... 
  
 Well  Name         Computational Domain        Size 
 ------------------------------------------------------ 
   1  INJ1        8   28   22   42    1    1       441 
   2  PROD2       1   21    1   21    1    1       441 
   3  PROD3      29   49    1   21    1    1       441 
   4  PROD5      29   49   29   49    1    1       441 
  
 Computational domains in coarse grid terms: 
  
 Well  Name         Computational Domain        Size 
 ------------------------------------------------------ 
   1  INJ1        2    4    4    6    1    1         9 
   2  PROD2       1    3    1    3    1    1         9 
   3  PROD3       5    7    1    3    1    1         9 
   4  PROD5       5    7    5    7    1    1         9 
  
 Maximum fine blocks in any computational domain:          441 
  
 Total fine blocks in all computational domains:         1764 
  
  
 Reading FINE GRID part of input (.dng) file ... 
  
 WARNING: no PERMY data found in .DNG file 
          PERMY will be set equal to PERMX 
  
 WARNING: no NTG data found in .DNG file 
          NTG will be set equal to 1 
  
 WARNING: no ACTNUM data found in .DNG file 
          ACTNUM will be set equal to 1 
  
 Processing TOPS data ... 
  
  FINEGRID Section Data 
  ===================== 
  
 Name of fine grid: 2DHet 
  
 Type of grid: BLOCK-CENTRED 
  
 The following values apply to the ensemble of the computational domains: 
 Total fine grid blocks in domains:         1764 
  
 Array      Zero     Minimum Non-       Maximum 
           Values     Zero Value         Value 
 ------------------------------------------------ 
 DX           0        0.2041E+02      0.2041E+02 
 DY           0        0.2041E+02      0.2041E+02 
 DZ           0        0.1000E+03      0.1000E+03 
 DEPTH        0        0.5050E+04      0.5050E+04 
 PORO         0        0.2000E+00      0.2000E+00 
 PERMX        0        0.3940E+03      0.5989E+03 
 PERMY        0        0.3940E+03      0.5989E+03 
 PERMZ        0        0.3940E+03      0.5989E+03 
 NTG          0        0.1000E+01      0.1000E+01 
 ACTNUM       0        0.1000E+01      0.1000E+01 
  
 NOTE: the effect of entering NTG data is to multiply porosity and 
       horizontal (but not vertical) permeability by the NTG values. 
       The same thing is done by Eclipse. 
       The values in the table above are before multiplication (i.e as entered) 
  
 NOTE: as in Eclipse, cells may be inactive for any of the 
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       following reasons: 
         ACTNM = 0 
         NTG   = 0 
         PORO  = 0 
         DZ    = 0 
  
  
 Checking for inactive cells ... 
  
 Domain            1 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            2 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            3 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            4 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            1: INJ1 
 Fine grid computational domain is: 
 x-direction:            8 -          28 
 y-direction:           22 -          42 
 z-direction:            1 -           1 
  
 Dimensions of domain:           21          21           1 
  
 Number of fine grid blocks in domain:          441 
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 Open completions associated with well: 
   1  Number:   1  Location:   18  32   1  In domain:   11  11   1  CCF:  
0.1116E+03 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:   1  Location:   18  32   1  In domain:   11  11   1  Pressure:   
0.4423 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            1 of            4 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            2: PROD2 
 Fine grid computational domain is: 
 x-direction:            1 -          21 
 y-direction:            1 -          21 
 z-direction:            1 -           1 
  
 Dimensions of domain:           21          21           1 
  
 Number of fine grid blocks in domain:          441 
  
  
 Open completions associated with well: 
   1  Number:   2  Location:   12  12   1  In domain:   12  12   1  CCF:  
0.1070E+03 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:   2  Location:   12  12   1  In domain:   12  12   1  Pressure:   
0.4191 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            2 of            4 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            3: PROD3 
 Fine grid computational domain is: 
 x-direction:           29 -          49 
 y-direction:            1 -          21 
 z-direction:            1 -           1 
  
 Dimensions of domain:           21          21           1 
  
 Number of fine grid blocks in domain:          441 
  
  
 Open completions associated with well: 
   1  Number:   3  Location:   38  12   1  In domain:   10  12   1  CCF:  
0.1243E+03 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
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   1  Number:   3  Location:   38  12   1  In domain:   10  12   1  Pressure:   
0.3867 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            3 of            4 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            4: PROD5 
 Fine grid computational domain is: 
 x-direction:           29 -          49 
 y-direction:           29 -          49 
 z-direction:            1 -           1 
  
 Dimensions of domain:           21          21           1 
  
 Number of fine grid blocks in domain:          441 
  
  
 Open completions associated with well: 
   1  Number:   4  Location:   38  38   1  In domain:   10  10   1  CCF:  
0.1160E+03 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:   4  Location:   38  38   1  In domain:   10  10   1  Pressure:   
0.3975 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            4 of            4 
  
 ======================================================================= 
  * * * * RESULTS OF UPSCALING CALCULATIONS * * * * 
 ======================================================================= 
  
  Upscaled Completion Connection Factors 
  ====================================== 
  
 Eclipse format COMPDAT keyword: 
  
COMPDAT 
-- WELL      I   J  K1  K2  STATUS  SATTAB     CCF 
'INJ1'       3   5   1   1  'OPEN'    1*    0.6299E+02  / 
'PROD2'      2   2   1   1  'OPEN'    1*    0.6071E+02  / 
'PROD3'      6   2   1   1  'OPEN'    1*    0.6694E+02  / 
'PROD5'      6   6   1   1  'OPEN'    1*    0.6321E+02  / 
/ 
  
  
  Upscaled Transmissibilities 
  =========================== 
  
  List of TRANX values (check for duplicates) 
  Note: negative values are not wrong 
        absolute value will be written in Eclipse format below 
  
 COARSE 
  COMPL   WELL        I   J   K    TRANX 
 ------------------------------------------ 
     1  INJ1     I-   2   5   1  0.8194E+02 
     1  INJ1     I+   3   5   1  0.8111E+02 
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     2  PROD2    I-   1   2   1  0.6728E+02 
     2  PROD2    I+   2   2   1  0.9696E+02 
     3  PROD3    I-   5   2   1  0.9676E+02 
     3  PROD3    I+   6   2   1  0.6751E+02 
     4  PROD5    I-   5   6   1  0.9640E+02 
     4  PROD5    I+   6   6   1  0.6850E+02 
  
  List of TRANY values (check for duplicates) 
  Note: negative values are not wrong 
        absolute value will be written in Eclipse format below 
  
 COARSE 
  COMPL   WELL        I   J   K    TRANY 
 ------------------------------------------ 
     1  INJ1     J-   3   4   1  0.7989E+02 
     1  INJ1     J+   3   5   1  0.8155E+02 
     2  PROD2    J-   2   1   1  0.6748E+02 
     2  PROD2    J+   2   2   1  0.9742E+02 
     3  PROD3    J-   6   1   1  0.7026E+02 
     3  PROD3    J+   6   2   1  0.9577E+02 
     4  PROD5    J-   6   5   1  0.9605E+02 
     4  PROD5    J+   6   6   1  0.6709E+02 
  
 Eclipse format TRANX/TRANY keywords 
 =================================== 
  
BOX 
   2   2   5   5   1   1 / 
TRANX 
 0.8194E+02 / 
BOX 
   3   3   5   5   1   1 / 
TRANX 
 0.8111E+02 / 
BOX 
   3   3   4   4   1   1 / 
TRANY 
 0.7989E+02 / 
BOX 
   3   3   5   5   1   1 / 
TRANY 
 0.8155E+02 / 
BOX 
   1   1   2   2   1   1 / 
TRANX 
 0.6728E+02 / 
BOX 
   2   2   2   2   1   1 / 
TRANX 
 0.9696E+02 / 
BOX 
   2   2   1   1   1   1 / 
TRANY 
 0.6748E+02 / 
BOX 
   2   2   2   2   1   1 / 
TRANY 
 0.9742E+02 / 
BOX 
   5   5   2   2   1   1 / 
TRANX 
 0.9676E+02 / 
BOX 
   6   6   2   2   1   1 / 
TRANX 
 0.6751E+02 / 
BOX 
   6   6   1   1   1   1 / 
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TRANY 
 0.7026E+02 / 
BOX 
   6   6   2   2   1   1 / 
TRANY 
 0.9577E+02 / 
BOX 
   5   5   6   6   1   1 / 
TRANX 
 0.9640E+02 / 
BOX 
   6   6   6   6   1   1 / 
TRANX 
 0.6850E+02 / 
BOX 
   6   6   5   5   1   1 / 
TRANY 
 0.9605E+02 / 
BOX 
   6   6   6   6   1   1 / 
TRANY 
 0.6709E+02 / 
  
  
 ---------------------------- 
 Program terminated normally 
 ---------------------------- 
  
C-3: 3D CODE INPUT DATA 
------------------------------------------------------------------------ 
-- INPUT FILE 
------------------------------------------------------------------------ 
RUNSPEC 
 
-- Fine grid dimensions 
DIMENS 
 75  75  8  
 
-- Coarse grid dimensions and aggregation rates 
AGGREG 
  15 15 4 
  15*5          !  iagx = aggregation in x 
  15*5          !  iagy = aggregation in y 
  4*2         !  iagz = aggregation in z 
 
-- Ask for upscaled Tz to be calculated 
TZCAL 
 
-- Set buffer size (0 forces domain to be full fine grid) 
BUFFER 
  1  / 
 
-------------------------------------------------------------- 
-- WELLS Section - completion data 
-------------------------------------------------------------- 
WELLS 
 
-- COMPDAT keyword exactly as in Eclipse (fine grid) 
COMPDAT 
INJ10 38 38 4 4 OPEN 1* 23.6788 0.625 11811.49 0 1* Z 10.69 / 
INJ10 38 38 5 5 OPEN 1* 24.0567 0.625 12000 0 1* Z 10.69 / 
INJ10 38 38 6 6 OPEN 1* 22.5531 0.625 11250 0 1* Z 10.69 / 
INJ10 38 38 7 7 OPEN 1* 21.0496 0.625 10500 0 1* Z 10.69 / 
INJ10 38 38 8 8 OPEN 1* 13.3220 0.625 6645.28 0 1* Z 10.69 / 
PROD10 13 18 2 2 OPEN 1* 23.9945 0.625 11968.99 0 1* Z 10.69 / 
PROD10 13 18 3 3 OPEN 1* 27.0638 0.625 13500 0 1* Z 10.69 / 
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PROD10 13 18 4 4 OPEN 1* 25.5602 0.625 12750 0 1* Z 10.69 / 
PROD10 13 18 5 5 OPEN 1* 24.0567 0.625 12000 0 1* Z 10.69 / 
PROD10 13 18 6 6 OPEN 1* 18.9000 0.625 9427.72 0 1* Z 10.69 / 
PROD20 63 18 1 1 OPEN 1* 23.3915 0.625 11668.19 0 1* Z 10.69 / 
PROD20 63 18 2 2 OPEN 1* 28.5673 0.625 14250 0 1* Z 10.69 / 
PROD20 63 18 3 3 OPEN 1* 27.0638 0.625 13500 0 1* Z 10.69 / 
PROD20 63 18 4 4 OPEN 1* 25.5602 0.625 12750 0 1* Z 10.69 / 
PROD20 63 18 5 5 OPEN 1* 21.6726 0.625 10810.79 0 1* Z 10.69 / 
PROD30 13 58 1 1 OPEN 1* 22.8528 0.625 11399.45 0 1* Z 10.69 / 
PROD30 13 58 2 2 OPEN 1* 28.5673 0.625 14250 0 1* Z 10.69 / 
PROD30 13 58 3 3 OPEN 1* 24.8197 0.625 12380.62 0 1* Z 10.69 / 
PROD30 13 58 6 6 OPEN 1* 11.7112 0.625 5841.81 0 1* Z 10.69 / 
PROD30 13 58 7 7 OPEN 1* 21.0496 0.625 10500 0 1* Z 10.69 / 
PROD30 13 58 8 8 OPEN 1* 14.1735 0.625 7070.05 0 1* Z 10.69 / 
PROD40 63 58 2 2 OPEN 1* 21.4176 0.625 10683.58 0 1* Z 10.69 / 
PROD40 63 58 3 3 OPEN 1* 27.0638 0.625 13500 0 1* Z 10.69 / 
PROD40 63 58 4 4 OPEN 1* 25.5602 0.625 12750 0 1* Z 10.69 / 
PROD40 63 58 5 5 OPEN 1* 24.0567 0.625 12000 0 1* Z 10.69 / 
PROD40 63 58 6 6 OPEN 1* 19.3289 0.625 9641.68 0 1* Z 10.69 / 
PROD40 63 58 8 8 OPEN 1* 1.2462 0.625 621.64 0 1* Z 10.69 / 
/ 
-------------------------------------------------------------- 
-- FINEGRID Section - properties of fine grid 
-------------------------------------------------------------- 
FINEGRID 
 
-- Name of fine grid 
GRIDNAME 
 3DHetDeltaNew 
 
-- Grid block sizes: x-direction 
DXV 
 75*54  / 
 
-- Grid block sizes: y-direction 
DYV 
 75*54 / 
 
-- Grid block sizes: z-direction 
DZ 
 45000*25 / 
 
TOPS 
  5625*5000 / 
 
KVKH 
  0.1 / 
 
 
PERMX  
40 40 40 40 
40 40 40 40 
600 600 600 600 
. 
. 
. 
390 390 390 390 
390 390 26 26 
26 26 26  
/    
 
 
PORO 
0.150 0.150 0.150 0.150 
0.250 0.250 0.250 0.250 
. 
. 
. 
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0.163 0.163 0.098 0.098 
0.098 0.098 0.098  
/    
 
 
END   
 
C-4: 3D CODE RESULT 
 
 ---------------------------------------------------------------- 
 ---------------------------------------------------------------- 
  
                               DING 
  
              Upscaling in the Near-Well Region 
  
                Completion Connection Factors 
                Well Block Transmissibilities 
  
 ---------------------------------------------------------------- 
 ---------------------------------------------------------------- 
  
 Program dimensions 
  
 NDM:    Maximum number of fine grid blocks in any computational domain 
 NDB:    Maximum number of fine grid blocks in all computational domains 
 NDD:    Size of dummy array used to read fine grid data 
 NDG:    Size of corner-point grid arrays for box 
 NDA:    Maximum dimension of coarse grid 
 NDW:    Maximum number of wells 
 NDC:    Maximum number of completions 
 NDN:    Maximum number of neighbours (upscaled transmissibilities per coarse grid 
completion) 
  
 Current values: 
  
 NDM:     60000 
 NDB:     60000 
 NDD:     60000 
 NDG:         1 
 NDA:        25 
 NDW:        10 
 NDC:       850 
 NDN:        30 
  
 Dimensions can be changed at the beginning of file ding.f 
 Program must be recompiled after changes by typing: ./compile 
  
 ---------------------------------------------------------------- 
  
  
 Reading RUNSPEC part of input (.dng) file ... 
  
  RUNSPEC Section Data 
  ==================== 
  
 Units are: FIELD 
  
 Dimensions of fine grid:           75          75           8 
  
 Total number of fine grid blocks:        45000 
  
 Dimensions of coarse grid:           15          15           4 
  
 Total number of coarse grid blocks:          900 
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 Coarse grid aggregation rates: 
 x:   5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 
 y:   5  5  5  5  5  5  5  5  5  5  5  5  5  5  5 
 z:   2  2  2  2 
  
 Coarse grid block boundaries: 
 x:   5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
 y:   5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
 z:   2  4  6  8 
  
 Width of buffer zone:            1 coarse grid blocks 
  
 TZCAL keyword activated: upscaled z-direction transmissibility will be calculated 
    for coarse completion cells 
  
 Reading WELLS part of input (.dng) file ... 
  
  WELLS Section Data 
  ================== 
  
 Number of completions:           27 
  
 Note that a defaulted value will appear as a zero in the following table 
  
 NUM   WELL     I   J   K STAT    CCF       DIAM         KH       SKIN    DIR      
R0 
 ----------------------------------------------------------------------------------
----- 
   1 INJ1      38  38   4 OPE  0.2368E+02 0.6250E+00 0.1181E+05 0.0000E+00   
0.1069E+02 
   2 INJ1      38  38   5 OPE  0.2406E+02 0.6250E+00 0.1200E+05 0.0000E+00   
0.1069E+02 
   3 INJ1      38  38   6 OPE  0.2255E+02 0.6250E+00 0.1125E+05 0.0000E+00   
0.1069E+02 
   4 INJ1      38  38   7 OPE  0.2105E+02 0.6250E+00 0.1050E+05 0.0000E+00   
0.1069E+02 
   5 INJ1      38  38   8 OPE  0.1332E+02 0.6250E+00 0.6645E+04 0.0000E+00   
0.1069E+02 
   6 PROD1     13  18   2 OPE  0.2399E+02 0.6250E+00 0.1197E+05 0.0000E+00   
0.1069E+02 
   7 PROD1     13  18   3 OPE  0.2706E+02 0.6250E+00 0.1350E+05 0.0000E+00   
0.1069E+02 
   8 PROD1     13  18   4 OPE  0.2556E+02 0.6250E+00 0.1275E+05 0.0000E+00   
0.1069E+02 
   9 PROD1     13  18   5 OPE  0.2406E+02 0.6250E+00 0.1200E+05 0.0000E+00   
0.1069E+02 
  10 PROD1     13  18   6 OPE  0.1890E+02 0.6250E+00 0.9428E+04 0.0000E+00   
0.1069E+02 
  11 PROD2     63  18   1 OPE  0.2339E+02 0.6250E+00 0.1167E+05 0.0000E+00   
0.1069E+02 
  12 PROD2     63  18   2 OPE  0.2857E+02 0.6250E+00 0.1425E+05 0.0000E+00   
0.1069E+02 
  13 PROD2     63  18   3 OPE  0.2706E+02 0.6250E+00 0.1350E+05 0.0000E+00   
0.1069E+02 
  14 PROD2     63  18   4 OPE  0.2556E+02 0.6250E+00 0.1275E+05 0.0000E+00   
0.1069E+02 
  15 PROD2     63  18   5 OPE  0.2167E+02 0.6250E+00 0.1081E+05 0.0000E+00   
0.1069E+02 
  16 PROD3     13  58   1 OPE  0.2285E+02 0.6250E+00 0.1140E+05 0.0000E+00   
0.1069E+02 
  17 PROD3     13  58   2 OPE  0.2857E+02 0.6250E+00 0.1425E+05 0.0000E+00   
0.1069E+02 
  18 PROD3     13  58   3 OPE  0.2482E+02 0.6250E+00 0.1238E+05 0.0000E+00   
0.1069E+02 
  19 PROD3     13  58   6 OPE  0.1171E+02 0.6250E+00 0.5842E+04 0.0000E+00   
0.1069E+02 
  20 PROD3     13  58   7 OPE  0.2105E+02 0.6250E+00 0.1050E+05 0.0000E+00   
0.1069E+02 
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  21 PROD3     13  58   8 OPE  0.1417E+02 0.6250E+00 0.7070E+04 0.0000E+00   
0.1069E+02 
  22 PROD4     63  58   2 OPE  0.2142E+02 0.6250E+00 0.1068E+05 0.0000E+00   
0.1069E+02 
  23 PROD4     63  58   3 OPE  0.2706E+02 0.6250E+00 0.1350E+05 0.0000E+00   
0.1069E+02 
  24 PROD4     63  58   4 OPE  0.2556E+02 0.6250E+00 0.1275E+05 0.0000E+00   
0.1069E+02 
  25 PROD4     63  58   5 OPE  0.2406E+02 0.6250E+00 0.1200E+05 0.0000E+00   
0.1069E+02 
  26 PROD4     63  58   6 OPE  0.1933E+02 0.6250E+00 0.9642E+04 0.0000E+00   
0.1069E+02 
  27 PROD4     63  58   8 OPE  0.1246E+01 0.6250E+00 0.6216E+03 0.0000E+00   
0.1069E+02 
  
 Number of wells:            5 
  
 NUM   NAME   OPEN COMPLETIONS   SHUT COMPLETIONS 
 ------------------------------------------------ 
   1 INJ1              5                  0 
   2 PROD1             5                  0 
   3 PROD2             5                  0 
   4 PROD3             6                  0 
   5 PROD4             6                  0 
  
 Well number            1 
 Well name: INJ1 
 Open completions associated with well: 
   1  Number:   1    Location:   38  38   4 
   2  Number:   2    Location:   38  38   5 
   3  Number:   3    Location:   38  38   6 
   4  Number:   4    Location:   38  38   7 
   5  Number:   5    Location:   38  38   8 
  
 Well number            2 
 Well name: PROD1 
 Open completions associated with well: 
   1  Number:   6    Location:   13  18   2 
   2  Number:   7    Location:   13  18   3 
   3  Number:   8    Location:   13  18   4 
   4  Number:   9    Location:   13  18   5 
   5  Number:  10    Location:   13  18   6 
  
 Well number            3 
 Well name: PROD2 
 Open completions associated with well: 
   1  Number:  11    Location:   63  18   1 
   2  Number:  12    Location:   63  18   2 
   3  Number:  13    Location:   63  18   3 
   4  Number:  14    Location:   63  18   4 
   5  Number:  15    Location:   63  18   5 
  
 Well number            4 
 Well name: PROD3 
 Open completions associated with well: 
   1  Number:  16    Location:   13  58   1 
   2  Number:  17    Location:   13  58   2 
   3  Number:  18    Location:   13  58   3 
   4  Number:  19    Location:   13  58   6 
   5  Number:  20    Location:   13  58   7 
   6  Number:  21    Location:   13  58   8 
  
 Well number            5 
 Well name: PROD4 
 Open completions associated with well: 
   1  Number:  22    Location:   63  58   2 
   2  Number:  23    Location:   63  58   3 
   3  Number:  24    Location:   63  58   4 
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   4  Number:  25    Location:   63  58   5 
   5  Number:  26    Location:   63  58   6 
   6  Number:  27    Location:   63  58   8 
  
  
  Links Between Fine and Coarse Completions 
  ========================================= 
  
         (Open completions only) 
  
                   FINE         COARSE     COARSE 
 NUM   WELL     I   J   K     I   J   K  COMPLETION 
 -------------------------------------------------------- 
   1 INJ1      38  38   4     8   8   2       1 
   2 INJ1      38  38   5     8   8   3       2 
   3 INJ1      38  38   6     8   8   3       2 
   4 INJ1      38  38   7     8   8   4       3 
   5 INJ1      38  38   8     8   8   4       3 
   6 PROD1     13  18   2     3   4   1       4 
   7 PROD1     13  18   3     3   4   2       5 
   8 PROD1     13  18   4     3   4   2       5 
   9 PROD1     13  18   5     3   4   3       6 
  10 PROD1     13  18   6     3   4   3       6 
  11 PROD2     63  18   1    13   4   1       7 
  12 PROD2     63  18   2    13   4   1       7 
  13 PROD2     63  18   3    13   4   2       8 
  14 PROD2     63  18   4    13   4   2       8 
  15 PROD2     63  18   5    13   4   3       9 
  16 PROD3     13  58   1     3  12   1      10 
  17 PROD3     13  58   2     3  12   1      10 
  18 PROD3     13  58   3     3  12   2      11 
  19 PROD3     13  58   6     3  12   3      12 
  20 PROD3     13  58   7     3  12   4      13 
  21 PROD3     13  58   8     3  12   4      13 
  22 PROD4     63  58   2    13  12   1      14 
  23 PROD4     63  58   3    13  12   2      15 
  24 PROD4     63  58   4    13  12   2      15 
  25 PROD4     63  58   5    13  12   3      16 
  26 PROD4     63  58   6    13  12   3      16 
  27 PROD4     63  58   8    13  12   4      17 
  
  
  Coarse Grid Completion Data 
  =========================== 
  
 Number of coarse completions:           17 
  
 NUM   WELL     I   J   K 
 ------------------------ 
   1 INJ1       8   8   2 
   2 INJ1       8   8   3 
   3 INJ1       8   8   4 
   4 PROD1      3   4   1 
   5 PROD1      3   4   2 
   6 PROD1      3   4   3 
   7 PROD2     13   4   1 
   8 PROD2     13   4   2 
   9 PROD2     13   4   3 
  10 PROD3      3  12   1 
  11 PROD3      3  12   2 
  12 PROD3      3  12   3 
  13 PROD3      3  12   4 
  14 PROD4     13  12   1 
  15 PROD4     13  12   2 
  16 PROD4     13  12   3 
  17 PROD4     13  12   4 
  
 NUM   NAME   COARSE COMPLETIONS 
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 -------------------------------- 
   1 INJ1              3 
   2 PROD1             3 
   3 PROD2             3 
   4 PROD3             4 
   5 PROD4             4 
  
 Well number            1 
 Well name: INJ1 
 Coarse completions associated with well: 
   1  Number:   1    Location:    8   8   2 
                     ... fine completion:    1 
   2  Number:   2    Location:    8   8   3 
                     ... fine completion:    2 
                     ... fine completion:    3 
   3  Number:   3    Location:    8   8   4 
                     ... fine completion:    4 
                     ... fine completion:    5 
  
 Well number            2 
 Well name: PROD1 
 Coarse completions associated with well: 
   1  Number:   4    Location:    3   4   1 
                     ... fine completion:    6 
   2  Number:   5    Location:    3   4   2 
                     ... fine completion:    7 
                     ... fine completion:    8 
   3  Number:   6    Location:    3   4   3 
                     ... fine completion:    9 
                     ... fine completion:   10 
  
 Well number            3 
 Well name: PROD2 
 Coarse completions associated with well: 
   1  Number:   7    Location:   13   4   1 
                     ... fine completion:   11 
                     ... fine completion:   12 
   2  Number:   8    Location:   13   4   2 
                     ... fine completion:   13 
                     ... fine completion:   14 
   3  Number:   9    Location:   13   4   3 
                     ... fine completion:   15 
  
 Well number            4 
 Well name: PROD3 
 Coarse completions associated with well: 
   1  Number:  10    Location:    3  12   1 
                     ... fine completion:   16 
                     ... fine completion:   17 
   2  Number:  11    Location:    3  12   2 
                     ... fine completion:   18 
   3  Number:  12    Location:    3  12   3 
                     ... fine completion:   19 
   4  Number:  13    Location:    3  12   4 
                     ... fine completion:   20 
                     ... fine completion:   21 
  
 Well number            5 
 Well name: PROD4 
 Coarse completions associated with well: 
   1  Number:  14    Location:   13  12   1 
                     ... fine completion:   22 
   2  Number:  15    Location:   13  12   2 
                     ... fine completion:   23 
                     ... fine completion:   24 
   3  Number:  16    Location:   13  12   3 
                     ... fine completion:   25 
                     ... fine completion:   26 
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   4  Number:  17    Location:   13  12   4 
                     ... fine completion:   27 
  
  
 Defining computational domains ... 
  
 Well  Name         Computational Domain        Size 
 ------------------------------------------------------ 
   1  INJ1       31   45   31   45    1    8      1800 
   2  PROD1       6   20   11   25    1    8      1800 
   3  PROD2      56   70   11   25    1    8      1800 
   4  PROD3       6   20   51   65    1    8      1800 
   5  PROD4      56   70   51   65    1    8      1800 
  
 Computational domains in coarse grid terms: 
  
 Well  Name         Computational Domain        Size 
 ------------------------------------------------------ 
   1  INJ1        7    9    7    9    1    4        36 
   2  PROD1       2    4    3    5    1    4        36 
   3  PROD2      12   14    3    5    1    4        36 
   4  PROD3       2    4   11   13    1    4        36 
   5  PROD4      12   14   11   13    1    4        36 
  
 Maximum fine blocks in any computational domain:         1800 
  
 Total fine blocks in all computational domains:         9000 
  
  
 Reading FINE GRID part of input (.dng) file ... 
  
 WARNING: no PERMY data found in .DNG file 
          PERMY will be set equal to PERMX 
  
 WARNING: no NTG data found in .DNG file 
          NTG will be set equal to 1 
  
 WARNING: no ACTNUM data found in .DNG file 
          ACTNUM will be set equal to 1 
  
 Processing TOPS data ... 
  
  FINEGRID Section Data 
  ===================== 
  
 Name of fine grid: 3DHetDeltaNew 
  
 Type of grid: BLOCK-CENTRED 
  
 The following values apply to the ensemble of the computational domains: 
 Total fine grid blocks in domains:         9000 
  
 Array      Zero     Minimum Non-       Maximum 
           Values     Zero Value         Value 
 ------------------------------------------------ 
 DX           0        0.5400E+02      0.5400E+02 
 DY           0        0.5400E+02      0.5400E+02 
 DZ           0        0.2500E+02      0.2500E+02 
 DEPTH        0        0.5013E+04      0.5188E+04 
 PORO         0        0.9800E-01      0.2500E+00 
 PERMX        0        0.2600E+02      0.6000E+03 
 PERMY        0        0.2600E+02      0.6000E+03 
 PERMZ        0        0.2600E+01      0.6000E+02 
 NTG          0        0.1000E+01      0.1000E+01 
 ACTNUM       0        0.1000E+01      0.1000E+01 
  
 NOTE: the effect of entering NTG data is to multiply porosity and 
       horizontal (but not vertical) permeability by the NTG values. 
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       The same thing is done by Eclipse. 
       The values in the table above are before multiplication (i.e as entered) 
  
 NOTE: as in Eclipse, cells may be inactive for any of the 
       following reasons: 
         ACTNM = 0 
         NTG   = 0 
         PORO  = 0 
         DZ    = 0 
  
  
 Checking for inactive cells ... 
  
 Domain            1 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            2 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            3 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            4 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
  
 Domain            5 
      cells with porosity < 1.0E-08:            0 
      cells with   ntg    < 1.0E-08:            0 
      cells with    dz    < 1.0E-08:            0 
      cells inactivated with ACTNUM:            0 
  
     Total number of inactive cells:            0 
  
  cells with permeability < 1.0E-08:            0 
              of which active cells:            0 
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 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            1: INJ1 
 Fine grid computational domain is: 
 x-direction:           31 -          45 
 y-direction:           31 -          45 
 z-direction:            1 -           8 
  
 Dimensions of domain:           15          15           8 
  
 Number of fine grid blocks in domain:         1800 
  
  
 Open completions associated with well: 
   1  Number:   1  Location:   38  38   4  In domain:    8   8   4  CCF:  
0.2368E+02 
   2  Number:   2  Location:   38  38   5  In domain:    8   8   5  CCF:  
0.2406E+02 
   3  Number:   3  Location:   38  38   6  In domain:    8   8   6  CCF:  
0.2255E+02 
   4  Number:   4  Location:   38  38   7  In domain:    8   8   7  CCF:  
0.2105E+02 
   5  Number:   5  Location:   38  38   8  In domain:    8   8   8  CCF:  
0.1332E+02 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:   1  Location:   38  38   4  In domain:    8   8   4  Pressure:   
0.5713 
   2  Number:   2  Location:   38  38   5  In domain:    8   8   5  Pressure:   
0.5154 
   3  Number:   3  Location:   38  38   6  In domain:    8   8   6  Pressure:   
0.5027 
   4  Number:   4  Location:   38  38   7  In domain:    8   8   7  Pressure:   
0.5038 
   5  Number:   5  Location:   38  38   8  In domain:    8   8   8  Pressure:   
0.5639 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            1 of            5 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            2: PROD1 
 Fine grid computational domain is: 
 x-direction:            6 -          20 
 y-direction:           11 -          25 
 z-direction:            1 -           8 
  
 Dimensions of domain:           15          15           8 
  
 Number of fine grid blocks in domain:         1800 
  
  
 Open completions associated with well: 
   1  Number:   6  Location:   13  18   2  In domain:    8   8   2  CCF:  
0.2399E+02 
   2  Number:   7  Location:   13  18   3  In domain:    8   8   3  CCF:  
0.2706E+02 
   3  Number:   8  Location:   13  18   4  In domain:    8   8   4  CCF:  
0.2556E+02 
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   4  Number:   9  Location:   13  18   5  In domain:    8   8   5  CCF:  
0.2406E+02 
   5  Number:  10  Location:   13  18   6  In domain:    8   8   6  CCF:  
0.1890E+02 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:   6  Location:   13  18   2  In domain:    8   8   2  Pressure:   
0.5141 
   2  Number:   7  Location:   13  18   3  In domain:    8   8   3  Pressure:   
0.4519 
   3  Number:   8  Location:   13  18   4  In domain:    8   8   4  Pressure:   
0.4434 
   4  Number:   9  Location:   13  18   5  In domain:    8   8   5  Pressure:   
0.4545 
   5  Number:  10  Location:   13  18   6  In domain:    8   8   6  Pressure:   
0.5231 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            2 of            5 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            3: PROD2 
 Fine grid computational domain is: 
 x-direction:           56 -          70 
 y-direction:           11 -          25 
 z-direction:            1 -           8 
  
 Dimensions of domain:           15          15           8 
  
 Number of fine grid blocks in domain:         1800 
  
  
 Open completions associated with well: 
   1  Number:  11  Location:   63  18   1  In domain:    8   8   1  CCF:  
0.2339E+02 
   2  Number:  12  Location:   63  18   2  In domain:    8   8   2  CCF:  
0.2857E+02 
   3  Number:  13  Location:   63  18   3  In domain:    8   8   3  CCF:  
0.2706E+02 
   4  Number:  14  Location:   63  18   4  In domain:    8   8   4  CCF:  
0.2556E+02 
   5  Number:  15  Location:   63  18   5  In domain:    8   8   5  CCF:  
0.2167E+02 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:  11  Location:   63  18   1  In domain:    8   8   1  Pressure:   
0.5313 
   2  Number:  12  Location:   63  18   2  In domain:    8   8   2  Pressure:   
0.4923 
   3  Number:  13  Location:   63  18   3  In domain:    8   8   3  Pressure:   
0.4926 
   4  Number:  14  Location:   63  18   4  In domain:    8   8   4  Pressure:   
0.5047 
   5  Number:  15  Location:   63  18   5  In domain:    8   8   5  Pressure:   
0.5621 
  
  
 Calculating upscaled values ... 
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 End of upscaling calculation for well            3 of            5 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            4: PROD3 
 Fine grid computational domain is: 
 x-direction:            6 -          20 
 y-direction:           51 -          65 
 z-direction:            1 -           8 
  
 Dimensions of domain:           15          15           8 
  
 Number of fine grid blocks in domain:         1800 
  
  
 Open completions associated with well: 
   1  Number:  16  Location:   13  58   1  In domain:    8   8   1  CCF:  
0.2285E+02 
   2  Number:  17  Location:   13  58   2  In domain:    8   8   2  CCF:  
0.2857E+02 
   3  Number:  18  Location:   13  58   3  In domain:    8   8   3  CCF:  
0.2482E+02 
   4  Number:  19  Location:   13  58   6  In domain:    8   8   6  CCF:  
0.1171E+02 
   5  Number:  20  Location:   13  58   7  In domain:    8   8   7  CCF:  
0.2105E+02 
   6  Number:  21  Location:   13  58   8  In domain:    8   8   8  CCF:  
0.1417E+02 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:  16  Location:   13  58   1  In domain:    8   8   1  Pressure:   
0.5301 
   2  Number:  17  Location:   13  58   2  In domain:    8   8   2  Pressure:   
0.4946 
   3  Number:  18  Location:   13  58   3  In domain:    8   8   3  Pressure:   
0.5366 
   4  Number:  19  Location:   13  58   6  In domain:    8   8   6  Pressure:   
0.6350 
   5  Number:  20  Location:   13  58   7  In domain:    8   8   7  Pressure:   
0.5115 
   6  Number:  21  Location:   13  58   8  In domain:    8   8   8  Pressure:   
0.5466 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            4 of            5 
  
 ------------------------------------------ 
 ------------------------------------------ 
  
 Upscaling calculation for well            5: PROD4 
 Fine grid computational domain is: 
 x-direction:           56 -          70 
 y-direction:           51 -          65 
 z-direction:            1 -           8 
  
 Dimensions of domain:           15          15           8 
  
 Number of fine grid blocks in domain:         1800 
  
  
 Open completions associated with well: 
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   1  Number:  22  Location:   63  58   2  In domain:    8   8   2  CCF:  
0.2142E+02 
   2  Number:  23  Location:   63  58   3  In domain:    8   8   3  CCF:  
0.2706E+02 
   3  Number:  24  Location:   63  58   4  In domain:    8   8   4  CCF:  
0.2556E+02 
   4  Number:  25  Location:   63  58   5  In domain:    8   8   5  CCF:  
0.2406E+02 
   5  Number:  26  Location:   63  58   6  In domain:    8   8   6  CCF:  
0.1933E+02 
   6  Number:  27  Location:   63  58   8  In domain:    8   8   8  CCF:  
0.1246E+01 
  
  
 Solving pressure equation ... 
  
 Calculated pressure values in well blocks: 
   1  Number:  22  Location:   63  58   2  In domain:    8   8   2  Pressure:   
0.5799 
   2  Number:  23  Location:   63  58   3  In domain:    8   8   3  Pressure:   
0.5008 
   3  Number:  24  Location:   63  58   4  In domain:    8   8   4  Pressure:   
0.4909 
   4  Number:  25  Location:   63  58   5  In domain:    8   8   5  Pressure:   
0.4987 
   5  Number:  26  Location:   63  58   6  In domain:    8   8   6  Pressure:   
0.5588 
   6  Number:  27  Location:   63  58   8  In domain:    8   8   8  Pressure:   
0.8523 
  
  
 Calculating upscaled values ... 
  
 End of upscaling calculation for well            5 of            5 
  
 ======================================================================= 
  * * * * RESULTS OF UPSCALING CALCULATIONS * * * * 
 ======================================================================= 
  
  Upscaled Completion Connection Factors 
  ====================================== 
  
 Eclipse format COMPDAT keyword: 
  
COMPDAT 
-- WELL      I   J  K1  K2  STATUS  SATTAB     CCF 
'INJ1'       8   8   2   2  'OPEN'    1*    0.1531E+02  / 
'INJ1'       8   8   3   3  'OPEN'    1*    0.2931E+02  / 
'INJ1'       8   8   4   4  'OPEN'    1*    0.2257E+02  / 
'PROD1'      3   4   1   1  'OPEN'    1*    0.1567E+02  / 
'PROD1'      3   4   2   2  'OPEN'    1*    0.3239E+02  / 
'PROD1'      3   4   3   3  'OPEN'    1*    0.2768E+02  / 
'PROD2'     13   4   1   1  'OPEN'    1*    0.3371E+02  / 
'PROD2'     13   4   2   2  'OPEN'    1*    0.3305E+02  / 
'PROD2'     13   4   3   3  'OPEN'    1*    0.1410E+02  / 
'PROD3'      3  12   1   1  'OPEN'    1*    0.3370E+02  / 
'PROD3'      3  12   2   2  'OPEN'    1*    0.1616E+02  / 
'PROD3'      3  12   3   3  'OPEN'    1*    0.8838E+01  / 
'PROD3'      3  12   4   4  'OPEN'    1*    0.2338E+02  / 
'PROD4'     13  12   1   1  'OPEN'    1*    0.1479E+02  / 
'PROD4'     13  12   2   2  'OPEN'    1*    0.3319E+02  / 
'PROD4'     13  12   3   3  'OPEN'    1*    0.2841E+02  / 
'PROD4'     13  12   4   4  'OPEN'    1*    0.1202E+01  / 
/ 
  
  
  Upscaled Transmissibilities 
  =========================== 
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  List of TRANX values (check for duplicates) 
  Note: negative values are not wrong 
        absolute value will be written in Eclipse format below 
  
 COARSE 
  COMPL   WELL        I   J   K    TRANX 
 ------------------------------------------ 
     1  INJ1     I-   7   8   2  0.4172E+02 
     1  INJ1     I+   8   8   2  0.4109E+02 
     2  INJ1     I-   7   8   3  0.3751E+02 
     2  INJ1     I+   8   8   3  0.3701E+02 
     3  INJ1     I-   7   8   4  0.3260E+02 
     3  INJ1     I+   8   8   4  0.3212E+02 
     4  PROD1    I-   2   4   1  0.4321E+02 
     4  PROD1    I+   3   4   1  0.1665E+02 
     5  PROD1    I-   2   4   2  0.3909E+02 
     5  PROD1    I+   3   4   2  0.1566E+02 
     6  PROD1    I-   2   4   3  0.3433E+02 
     6  PROD1    I+   3   4   3  0.1369E+02 
     7  PROD2    I-  12   4   1  0.4939E+02 
     7  PROD2    I+  13   4   1  0.4569E+02 
     8  PROD2    I-  12   4   2  0.4425E+02 
     8  PROD2    I+  13   4   2  0.4115E+02 
     9  PROD2    I-  12   4   3  0.3874E+02 
     9  PROD2    I+  13   4   3  0.3570E+02 
    10  PROD3    I-   2  12   1  0.4126E+02 
    10  PROD3    I+   3  12   1  0.4443E+02 
    11  PROD3    I-   2  12   2  0.3523E+02 
    11  PROD3    I+   3  12   2  0.3886E+02 
    12  PROD3    I-   2  12   3  0.3056E+02 
    12  PROD3    I+   3  12   3  0.3416E+02 
    13  PROD3    I-   2  12   4  0.2843E+02 
    13  PROD3    I+   3  12   4  0.3064E+02 
    14  PROD4    I-  12  12   1  0.2434E+02 
    14  PROD4    I+  13  12   1  0.4254E+02 
    15  PROD4    I-  12  12   2  0.2654E+02 
    15  PROD4    I+  13  12   2  0.3949E+02 
    16  PROD4    I-  12  12   3  0.2302E+02 
    16  PROD4    I+  13  12   3  0.3461E+02 
    17  PROD4    I-  12  12   4  0.1314E+02 
    17  PROD4    I+  13  12   4  0.2877E+02 
  
  List of TRANY values (check for duplicates) 
  Note: negative values are not wrong 
        absolute value will be written in Eclipse format below 
  
 COARSE 
  COMPL   WELL        I   J   K    TRANY 
 ------------------------------------------ 
     1  INJ1     J-   8   7   2  0.4203E+02 
     1  INJ1     J+   8   8   2  0.4082E+02 
     2  INJ1     J-   8   7   3  0.3782E+02 
     2  INJ1     J+   8   8   3  0.3686E+02 
     3  INJ1     J-   8   7   4  0.3287E+02 
     3  INJ1     J+   8   8   4  0.3196E+02 
     4  PROD1    J-   3   3   1  0.4193E+02 
     4  PROD1    J+   3   4   1  0.4605E+01 
     5  PROD1    J-   3   3   2  0.3778E+02 
     5  PROD1    J+   3   4   2  0.4214E+01 
     6  PROD1    J-   3   3   3  0.3321E+02 
     6  PROD1    J+   3   4   3  0.3702E+01 
     7  PROD2    J-  13   3   1  0.4618E+02 
     7  PROD2    J+  13   4   1  0.4618E+02 
     8  PROD2    J-  13   3   2  0.4159E+02 
     8  PROD2    J+  13   4   2  0.4156E+02 
     9  PROD2    J-  13   3   3  0.3610E+02 
     9  PROD2    J+  13   4   3  0.3613E+02 
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    10  PROD3    J-   3  11   1  0.4075E+02 
    10  PROD3    J+   3  12   1  0.4416E+02 
    11  PROD3    J-   3  11   2  0.3482E+02 
    11  PROD3    J+   3  12   2  0.3851E+02 
    12  PROD3    J-   3  11   3  0.3023E+02 
    12  PROD3    J+   3  12   3  0.3381E+02 
    13  PROD3    J-   3  11   4  0.2810E+02 
    13  PROD3    J+   3  12   4  0.3044E+02 
    14  PROD4    J-  13  11   1  0.4585E+02 
    14  PROD4    J+  13  12   1  0.4549E+02 
    15  PROD4    J-  13  11   2  0.4200E+02 
    15  PROD4    J+  13  12   2  0.4174E+02 
    16  PROD4    J-  13  11   3  0.3683E+02 
    16  PROD4    J+  13  12   3  0.3659E+02 
    17  PROD4    J-  13  11   4  0.3139E+02 
    17  PROD4    J+  13  12   4  0.3110E+02 
  
  List of TRANZ values (check for duplicates) 
  Note: negative values are not wrong 
        absolute value will be written in Eclipse format below 
  
 COARSE 
  COMPL   WELL        I   J   K    TRANZ 
 ------------------------------------------ 
     1  INJ1     K-   8   8   1  0.5850E+02 
     1  INJ1     K+   8   8   2  0.5136E+02 
     2  INJ1     K-   8   8   2  0.5136E+02 
     2  INJ1     K+   8   8   3  0.5380E+02 
     3  INJ1     K-   8   8   3  0.5380E+02 
     4  PROD1    K+   3   4   1  0.5380E+02 
     5  PROD1    K-   3   4   1  0.5380E+02 
     5  PROD1    K+   3   4   2  0.4370E+02 
     6  PROD1    K-   3   4   2  0.4370E+02 
     6  PROD1    K+   3   4   3  0.6154E+02 
     7  PROD2    K+  13   4   1  0.6571E+02 
     8  PROD2    K-  13   4   1  0.6571E+02 
     8  PROD2    K+  13   4   2  0.5244E+02 
     9  PROD2    K-  13   4   2  0.5244E+02 
     9  PROD2    K+  13   4   3  0.4604E+02 
    10  PROD3    K+   3  12   1  0.5896E+02 
    11  PROD3    K-   3  12   1  0.5896E+02 
    11  PROD3    K+   3  12   2  0.5263E+02 
    12  PROD3    K-   3  12   2  0.5263E+02 
    12  PROD3    K+   3  12   3  0.6343E+02 
    13  PROD3    K-   3  12   3  0.6343E+02 
    14  PROD4    K+  13  12   1  0.6590E+02 
    15  PROD4    K-  13  12   1  0.6590E+02 
    15  PROD4    K+  13  12   2  0.5059E+02 
    16  PROD4    K-  13  12   2  0.5059E+02 
    16  PROD4    K+  13  12   3  0.7490E+02 
    17  PROD4    K-  13  12   3  0.7490E+02 
  
 Eclipse format TRANX/TRANY keywords 
 =================================== 
  
BOX 
   7   7   8   8   2   2 / 
TRANX 
 0.4172E+02 / 
BOX 
   8   8   8   8   2   2 / 
TRANX 
 0.4109E+02 / 
BOX 
   8   8   7   7   2   2 / 
TRANY 
 0.4203E+02 / 
BOX 
 C２５ 
 
   8   8   8   8   2   2 / 
TRANY 
 0.4082E+02 / 
BOX 
   7   7   8   8   3   3 / 
TRANX 
 0.3751E+02 / 
BOX 
   8   8   8   8   3   3 / 
TRANX 
 0.3701E+02 / 
BOX 
   8   8   7   7   3   3 / 
TRANY 
 0.3782E+02 / 
BOX 
   8   8   8   8   3   3 / 
TRANY 
 0.3686E+02 / 
BOX 
   7   7   8   8   4   4 / 
TRANX 
 0.3260E+02 / 
BOX 
   8   8   8   8   4   4 / 
TRANX 
 0.3212E+02 / 
BOX 
   8   8   7   7   4   4 / 
TRANY 
 0.3287E+02 / 
BOX 
   8   8   8   8   4   4 / 
TRANY 
 0.3196E+02 / 
BOX 
   2   2   4   4   1   1 / 
TRANX 
 0.4321E+02 / 
BOX 
   3   3   4   4   1   1 / 
TRANX 
 0.1665E+02 / 
BOX 
   3   3   3   3   1   1 / 
TRANY 
 0.4193E+02 / 
BOX 
   3   3   4   4   1   1 / 
TRANY 
 0.4605E+01 / 
BOX 
   2   2   4   4   2   2 / 
TRANX 
 0.3909E+02 / 
BOX 
   3   3   4   4   2   2 / 
TRANX 
 0.1566E+02 / 
BOX 
   3   3   3   3   2   2 / 
TRANY 
 0.3778E+02 / 
BOX 
   3   3   4   4   2   2 / 
TRANY 
 0.4214E+01 / 
BOX 
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   2   2   4   4   3   3 / 
TRANX 
 0.3433E+02 / 
BOX 
   3   3   4   4   3   3 / 
TRANX 
 0.1369E+02 / 
BOX 
   3   3   3   3   3   3 / 
TRANY 
 0.3321E+02 / 
BOX 
   3   3   4   4   3   3 / 
TRANY 
 0.3702E+01 / 
BOX 
  12  12   4   4   1   1 / 
TRANX 
 0.4939E+02 / 
BOX 
  13  13   4   4   1   1 / 
TRANX 
 0.4569E+02 / 
BOX 
  13  13   3   3   1   1 / 
TRANY 
 0.4618E+02 / 
BOX 
  13  13   4   4   1   1 / 
TRANY 
 0.4618E+02 / 
BOX 
  12  12   4   4   2   2 / 
TRANX 
 0.4425E+02 / 
BOX 
  13  13   4   4   2   2 / 
TRANX 
 0.4115E+02 / 
BOX 
  13  13   3   3   2   2 / 
TRANY 
 0.4159E+02 / 
BOX 
  13  13   4   4   2   2 / 
TRANY 
 0.4156E+02 / 
BOX 
  12  12   4   4   3   3 / 
TRANX 
 0.3874E+02 / 
BOX 
  13  13   4   4   3   3 / 
TRANX 
 0.3570E+02 / 
BOX 
  13  13   3   3   3   3 / 
TRANY 
 0.3610E+02 / 
BOX 
  13  13   4   4   3   3 / 
TRANY 
 0.3613E+02 / 
BOX 
   2   2  12  12   1   1 / 
TRANX 
 0.4126E+02 / 
BOX 
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   3   3  12  12   1   1 / 
TRANX 
 0.4443E+02 / 
BOX 
   3   3  11  11   1   1 / 
TRANY 
 0.4075E+02 / 
BOX 
   3   3  12  12   1   1 / 
TRANY 
 0.4416E+02 / 
BOX 
   2   2  12  12   2   2 / 
TRANX 
 0.3523E+02 / 
BOX 
   3   3  12  12   2   2 / 
TRANX 
 0.3886E+02 / 
BOX 
   3   3  11  11   2   2 / 
TRANY 
 0.3482E+02 / 
BOX 
   3   3  12  12   2   2 / 
TRANY 
 0.3851E+02 / 
BOX 
   2   2  12  12   3   3 / 
TRANX 
 0.3056E+02 / 
BOX 
   3   3  12  12   3   3 / 
TRANX 
 0.3416E+02 / 
BOX 
   3   3  11  11   3   3 / 
TRANY 
 0.3023E+02 / 
BOX 
   3   3  12  12   3   3 / 
TRANY 
 0.3381E+02 / 
BOX 
   2   2  12  12   4   4 / 
TRANX 
 0.2843E+02 / 
BOX 
   3   3  12  12   4   4 / 
TRANX 
 0.3064E+02 / 
BOX 
   3   3  11  11   4   4 / 
TRANY 
 0.2810E+02 / 
BOX 
   3   3  12  12   4   4 / 
TRANY 
 0.3044E+02 / 
BOX 
  12  12  12  12   1   1 / 
TRANX 
 0.2434E+02 / 
BOX 
  13  13  12  12   1   1 / 
TRANX 
 0.4254E+02 / 
BOX 
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  13  13  11  11   1   1 / 
TRANY 
 0.4585E+02 / 
BOX 
  13  13  12  12   1   1 / 
TRANY 
 0.4549E+02 / 
BOX 
  12  12  12  12   2   2 / 
TRANX 
 0.2654E+02 / 
BOX 
  13  13  12  12   2   2 / 
TRANX 
 0.3949E+02 / 
BOX 
  13  13  11  11   2   2 / 
TRANY 
 0.4200E+02 / 
BOX 
  13  13  12  12   2   2 / 
TRANY 
 0.4174E+02 / 
BOX 
  12  12  12  12   3   3 / 
TRANX 
 0.2302E+02 / 
BOX 
  13  13  12  12   3   3 / 
TRANX 
 0.3461E+02 / 
BOX 
  13  13  11  11   3   3 / 
TRANY 
 0.3683E+02 / 
BOX 
  13  13  12  12   3   3 / 
TRANY 
 0.3659E+02 / 
BOX 
  12  12  12  12   4   4 / 
TRANX 
 0.1314E+02 / 
BOX 
  13  13  12  12   4   4 / 
TRANX 
 0.2877E+02 / 
BOX 
  13  13  11  11   4   4 / 
TRANY 
 0.3139E+02 / 
BOX 
  13  13  12  12   4   4 / 
TRANY 
 0.3110E+02 / 
  
 Eclipse format TRANZ keywords 
 ============================= 
  
BOX 
   8   8   8   8   1   1 / 
TRANZ 
 0.5850E+02 / 
BOX 
   8   8   8   8   2   2 / 
TRANZ 
 0.5136E+02 / 
BOX 
 C２９ 
 
   8   8   8   8   2   2 / 
TRANZ 
 0.5136E+02 / 
BOX 
   8   8   8   8   3   3 / 
TRANZ 
 0.5380E+02 / 
BOX 
   8   8   8   8   3   3 / 
TRANZ 
 0.5380E+02 / 
BOX 
   3   3   4   4   1   1 / 
TRANZ 
 0.5380E+02 / 
BOX 
   3   3   4   4   1   1 / 
TRANZ 
 0.5380E+02 / 
BOX 
   3   3   4   4   2   2 / 
TRANZ 
 0.4370E+02 / 
BOX 
   3   3   4   4   2   2 / 
TRANZ 
 0.4370E+02 / 
BOX 
   3   3   4   4   3   3 / 
TRANZ 
 0.6154E+02 / 
BOX 
  13  13   4   4   1   1 / 
TRANZ 
 0.6571E+02 / 
BOX 
  13  13   4   4   1   1 / 
TRANZ 
 0.6571E+02 / 
BOX 
  13  13   4   4   2   2 / 
TRANZ 
 0.5244E+02 / 
BOX 
  13  13   4   4   2   2 / 
TRANZ 
 0.5244E+02 / 
BOX 
  13  13   4   4   3   3 / 
TRANZ 
 0.4604E+02 / 
BOX 
   3   3  12  12   1   1 / 
TRANZ 
 0.5896E+02 / 
BOX 
   3   3  12  12   1   1 / 
TRANZ 
 0.5896E+02 / 
BOX 
   3   3  12  12   2   2 / 
TRANZ 
 0.5263E+02 / 
BOX 
   3   3  12  12   2   2 / 
TRANZ 
 0.5263E+02 / 
BOX 
 C３０ 
 
   3   3  12  12   3   3 / 
TRANZ 
 0.6343E+02 / 
BOX 
   3   3  12  12   3   3 / 
TRANZ 
 0.6343E+02 / 
BOX 
  13  13  12  12   1   1 / 
TRANZ 
 0.6590E+02 / 
BOX 
  13  13  12  12   1   1 / 
TRANZ 
 0.6590E+02 / 
BOX 
  13  13  12  12   2   2 / 
TRANZ 
 0.5059E+02 / 
BOX 
  13  13  12  12   2   2 / 
TRANZ 
 0.5059E+02 / 
BOX 
  13  13  12  12   3   3 / 
TRANZ 
 0.7490E+02 / 
BOX 
  13  13  12  12   3   3 / 
TRANZ 
 0.7490E+02 / 
  
 ---------------------------- 
 Program terminated normally 
 ---------------------------- 
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APPENDIX D: Well Completion Diagram for 3D Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. D-1: Well completion diagram for wells INJ1, PROD1 and PROD2 
Fig. D-2: Well completion diagram for wells PROD3 and PROD4 
